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Abstract
Human immunodeficiency virus (HIV), the virus which causes AIDS, is one of .
the most amazing biological machines known to man, in that it is capable of rapidly
mutating its nucleotide sequence in response to environmental stimuli. This has led to
numerous strains of the virus throughout the world and has thwarted man's attempts to
both prevent infectIon and treat the disease once infection has occurred. However, the
ability to define key epitopes in the virus can provide insight into which regions of the
HIV genome may be critical to certain viral functions. By screening random phage
epitope libraries with neutralizing antibodies which recognize different HIV antigens, it is
possible to identify the antibody-binding epitopes and provide new information regarding
the importance of specific immunogenic regions to effective viral function. Such epitope
libraries have been used previously to define highly conserved epitopes of neutralizing
monoclonal antibodies to the HIV envelope proteins, gp120 and gp41. These random
phage epitope libraries were used in this research in an attempt to define the epitopes of
two monoclonal antibodies, 167D and 126-6, which recognize the gp41 envelope
protein. Three rounds of screening were completed with mAb 126-6, however, no
specific phage-containing colonies which bind to the antibody were selected. This may
be due to an inhibitory effect on antibody binding caused by the presence of Tween 20 in
the screening buffers. To determine if this is the case, the screen needs to be repeated in
the absence of Tween 20. Another possibility is that mAb 126-6 recognizes a structural
epitope which is not present in the complexity of our libraries. Six peptide sequences
were identified after screening the libraries with monoclonal antibody 167D, one of
which was isolated 48 independent times. These peptides appear to bind to combined
epitopes in"both gp41 and gp120. Two of the six peptides were further shown to bind
\
specifically to antibody 167D and not to another monoclonal antibody, 447-52D, which
recognizes the V3100p ofgp120. 'Finally, the putative nature of the epitope to which
mAb 167D binds and possibilities for future experimentation to confirm this epitope are
addressed.
2
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Introduction
Like all retroviruses, human immunodeficiency virus is a single positive-stranded
RNA virus encoding three structural genes (gag,pol, and env), which are essential for
viral replication, between two long terminal repeat (LTR) elements. The pol gene codes
f
for a precursor protein which is cleaved into the protease, reverse transcriptase, and
endonuclease enzymes. The env g~ne codes for the glycosylated polypeptide precursor
gp160 which is cleaved into the two envelope glycoproteins, gp120 and gp41. In
addition, there are at least six accessory proteins encoded by the RNA which have
varying functions in viral replication (see Fields et al (1990) for general background
information on HIV). The HIV nucleic acid core is surrounded by an envelope composed
of a lipid bilayer, derived from the infected cell, and the glycosylated envelope proteins.
Infection of a cell by HIV occurs when the envelope glycoprotein gp120 binds to the host
cell surface protein, CD4, found on T-helper lymphocytes, macrophages, and monocytes.
This is believed to be followed by envelope fusion and release of the virus into the
cytoplasm of the uninfected cell. However, it appears that CD4 binding alone'is not
sufficient to induce the fusion and infection processes, since mouse cells expressing the
human CD4 gene will bind virus but not permit infection. This suggests the existence of
other unknown cellular receptors and/or factors. In addition, glycosylation of gp120 is
required for CD4 interaction probably in order to retain the required conformation for
binding (Putney and Bolognesi, 1990).
One of the central efforts since the identification of HIV as the causative agent of
AIDS has been the development of a vaccine to prevent infection. A vaccine made from
3
\live attenuated virus is not considered to be a viable option for prevention of HIV
infection since the virus may integrate into the host cell DNA and cause future cell
transfonnations. Alternatively, inactivating the virus may alter the structures of .
important epitopes. In addition, a vaccine made from inactivated HIV presents its own
ethical and legal concerns. Therefore, most efforts in vaccine development have been
directed toward production of a subunit vaccine against the envelope proteins,
I
particularly since gpl20's required for the initial steps of HIV infection. Amino acid
variability in the envelope proteins has been a major obstacle to vaccine development,
however. The amino acid sequence of gp160 can vary by as much as 15% between HIV
\
strains. In addition, those regions where the sequence is conserved tend to be buried
within the envelope secondary structure or shielded by glycosylation (Putney and
Bolognesi, 1990). Yet there is a common pattern of conserved and variable regions, and
all 18 cysteines in gp120 are conserved among HIV type 1 isolates suggesting that a
specific three dimensional structure of the protein is required for proper functioning.
Possible insight into the development of an HIV vaccine can be obtained by
defining the binding epitopes of human neutralizing monoclonal antibodies to various
viral detenninants. The amino acid and structural infonnation that is elicited from these
studies may allow the identification of conserved residues within the virus which may be
important vaccine targets. It will also greatly enhance the scientific knowledge and
understanding of major immunodetenninants of this virus. To this end, multiple
neutralizing monoclonal antibodies have been isolated from HIV tYpe 1 positive
individuals who have shown resistance to development of the clinical symptoms of
4
AIDS. Through ELISA and Western blot analysis, these neutralizing antibodies have
been demonstrated to recognize the HIV envelope proteins, gp120 and gp41. The ability
of these antibodies to broadly neutralize multiple virus strains varies significantly
according to each particular antibodies' structure and the antigens which they recognize.
Neutralizing antibodies to various regions of gp120, the major HIV envelope
protein, have been studied extensively in efforts to develop an HIV vaccine. In fact, anti-
gp120 antibodies directed toward the third hypervariable (V3) loop domain are capable of
protecting chimpanzees from a persistent HIV infection when administered both
passively (Emini et al, 1992) or elicited actively by immunization with HIV antigens
(Berman et aI, 1990; Girard et aI, 1991). One major obstacle to vaccine development,
however, is that many immunogens designed to elicit neutralizing antibody production
are only capable of doing so in a type-specific manner which is insufficiently broad for
practical application as a vaccine. This is because most neutralizing antibodies generated
by infected individuals are elicit.ed against highly variable regions of the envelope
proteins. The conserved areas of the virus tend to be hydrophobic and, as stated earlier,
are either buried within the secondary structure of the envelope or shielded by
glycosylation. This has been true of neutralizing antibodies directed against the V3 loop
of gp120. Since the sequence of HIV-1 variants differ greatly in this region (LaRosa et
aI, 1990), most antibody responses have been type-specific (Palker et aI, 1988; Haigwood
et aI, 1990; lavaherian et aI, 1989). A second obstacle to vaccine development has been
that HIV-1 escape mutants readily emerge under immune pressure by neutralizing
antibodies to the V3 loop (Masuda et aI, 1990; McKeating et aI, 1989; Nara et aI, 1990).
,
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In the case of the gp120-CD4 binding domain, multiple discontinuous domains within the
gp120 glycoprotein contribute to the CD4 binding site (Olshevsky et aI, 1990; Gabriel
and Mitchell, 1993) and so far, no immunogens have been able to elicit the consistent
production of virus-neutralizing antibodies to this site. This may be due in part to the
very large binding constant (approximately 109) between gp120 and CD4.
The second envelope protein, gp41, serves as an anchor for gp120 through
noncovalent linkages and can be broken down into several highly immunogenic domains
(Xu et aI, 1991). The primary immunogenic domain (cluster I) is in the region of the
cysteine residues which form the protein's only disulfide loop. In addition, another
immunogenic domain (cluster II) is found just before the transmembrane domain and a
third region just past the transmembrane domain. Cluster I was found to be about 100-
fold more immunoreactive than cluster II (Xu et aI, 1991). However, like neutralizing
antibodies directed against gp120, antibodies to gp41 tend to be HIV-l type specific and
therefore not of much practical use as a source of immunogens. Although gp41 is
considerably more conserved in amino acid sequence that gp120, the key regions of the
protein also tend to be buried in the secondary structure of the molecule and are therefore
inaccessible.
Since an effective HIV-I vaccine must be capable of neutralizing a broad
spectrum of HIV-I variants, must elicit the antibody response to reasonable titers, and
must not induce the production of escape mutant HIV variants, epitopes recognized by
broadly neutralizing antibodies may provide a good source of immunogens for an HIV
vaccme; The gpl20 V3 loop human monoclonal antibody 447-52D has been found to be
6
a broad and potent virus-neutralizing antibody. It recognizes the highly conserved GPXR
domain on the V3 loop (Gorny et aI, 1992; Buchbinder et aI, 1992). Human monoclonal
antibody 2F5, directed against cluster II in gp41, is also a broadly neutralizing antibody.
It is directed against the ELDKWA domain which was found in 72 percent of viral gp160
sequences analyzed (Muster et aI, 1993). These antibodies could possibly be used
directly as a prophylactic to protect individuals against HIV infection, for example after a
needle stick, but production of monoclonal antibodies on a large scale is a costly
endeavor and would only prove beneficial if the antibody was capable of neutralizing
most HIV-1 variants.
A much more cost effective means of producing an HIV vaccine would be to use
synthetic peptides capable of inducing broadly neutralizing responses as immunogens,
particularly since peptides derived from multiple antibody epitopes can be combined in
order to elicit the best possible antibody response. The use of a random peptide epitope
library is a useful source of defining potential peptide immunogens. A phage epitope
library consists of recombinant phage which have been engineered to display random
peptide sequences on their surface (Scott and Smith, 1990; Parmley and Smith, 1988;
Devlin et aI, 1990; Cwirla et aI, 1990). Each phage displays one of tens of millions of
unique epitbpes. A monoclonal antibody can then be used to search the phage library for
small peptide antigens which mimic the antibody's binding epitope. These phage
libraries are, therefore, useful for defining the epitopes which a particular antibody
recognizes and may serve to identify peptides which can be used as immunogens. We,
have prepared-a phage library containing a random 15 amino acid sequence ~d have
7
used it to confirm the binding epitopes of both monoclonal antibodies 447-52D and 2F5
(Keller et aI, 1993; Conley et aI, 1994). In addition, we demonstrated that one of these
peptides could be used as an immunogen and elicits a type specific HIV-1 neutralizing
response.
This project uses two random phage peptide libraries to define the epitopes of two
HIV-1 gp41 antibodies, 167D and 126-6. Little is known about these monoclonal
antibodies. While they have not been shown to neutralize any viral strains to date, they
do seem to function in antibody-dependent cellular cytotoxicity. These antibodies were
selected based on their abilities to strongly bind to gp41 in whole virallysates (Xu et aI,
1991). They are suspected to interact with the cluster II region of gp41 since they are
able to inhibit binding of other gp41 monoclonal antibodies to HIV lysate in an ELISA.
One of these other antibodies binds to a twenty amino acid peptide from the cluster II
region. However, antibodies 167D and 126-6 do not bind to this same twenty amino acid
peptide indicating that these antibodies may be specific for conformational or at least
discontinuous epitopes (Xu et aI, 1991). Although attempts at using the random peptide
libraries to map monoclonal antibody 126-6 were unsuccessful, six peptide sequences
were isolated from the peptide library screens with monoclonal antibody 167D. This
antibody appears to recognize a discontinuous epitope consisting of both a peptide
sequence in the cluster II region immediately adjacent to the ELDKWA domain and a
region of gp120 in the C3 constant domain. Theoretical and experimental support for the
proposed mAb 167D binding epitope is discussed as well as experiments which could be
done to verify this binding region. The paper concludes with a discussion of potential
8
functions for the proposed gp41-binding portion of the mAb 167D epitope.
9
Materials and Methods
Library Construction
The phage epitope library was made as described by Keller et ai. (1993) according
\
to the protocols of Scott/ahd Smith (1990) except that a random 15 amino acid epitope
(Devlin et aI., 1990) (rather than a hexapeptide) was inserted into the fUSES vector. The
phage strategy places a random 15 amino acid peptide on the amino-terminus of the gene
III protein, resulting in a fusion protein with the sequence [NHz-Ala-Asp-Gly-Ala-Xw
Gly-Ala-Ala-Gly-Ala-Glu-Thr...]. The fUSES vector was obtained from George Smith,
and its construction is described in Scott and Smith (1990). The vector is a modification
of the filamentous phage vector fd-tet (Zacher et aI., 1980) which allows the insertion of
foreign DNA into the gene III coding region of the phage and its subsequent expression
as a pIlI fusion protein on the phage surface (Figure 1). The reading frame of pIlI is
disrupted in this vector causing phage without an insert that corrects the reading frame to
be noninfectious. Since phage infection does not lyse the host bacterial cells, phage-
infected bacterial colonies can be easily selected by the tetracycline resistance marker
carried by the phage. Cleavage of two SfiI sites in the fUSES vector, which have been
engineered into the 51-end of the pIlI gene, releases a stuffer fragment and allows the
ligation of BglI-terminated fragments for insertion and restoration of the reading frame
(Figure 2). All detailed procedures for making a random hexapeptide epitope library
using the fUSES vector were first described by Scott and Smith (1990).
Specifically, inserts containing random epitopes were prepared (see Figure 3) by
five cycles (each cycle being 2.5 minutes at 95°C, 4 minutes at 42°C, and 5 minutes at
10
72°C) of polymerase chain reaction (PCR) amplification (Perkin Elmer Thermal Cycler
480) of 0.1 Ilg of the oligonucleotide template 5'-CTAG AGG ATC CTT TCC TTG GAT
AM AGA GCC GAC GGG GCT (NNG/T)15 GGG GCC GCT GGG GCG GAT CCT
GTTG-3' (where NNG/T was repeated 15 times, N signifying a mixture of all four
nucleotides) using 0.5 Ilg each ofthe 5'-biotinylated oligonucleotide primers: 5'-Bio-
CTAG AGG ATC CTT TCC TTGG-3' and 5'-Bio-CAAC AGG ATC CGC CCC AGCG-
3' in ten 100 III reactions containing 1X PCR buffer, 200 IlM dNTPs, and 5 units of
AmpliTaq DNA polymerase (all from Perkin Elmer Cetus) overlaid with mineral oil.
The oligonucleotides were biotin labeled using a 5'-biotin NIO kit (Clonetech) and then
gel purified. The PCR reaction was limited to five cycles so as not to bias the library
toward anyone insert sequence and to prevent exhaustion ofthe primer supply. After
PCR amplification the insert was ethanol precipitated, resuspended, and digested to
completion with BglI (Bethesda Research Labs, BRL) using standard techniques.
Following digestion the uncut insert and the cut, biotinylated ends were removed by
incubation with streptavidin-agarose beads. The streptavidin-agarose (BRL) was
prepared for this procedure by washing ten times in 1 ml of 0.1 M NaCl, 10 mM Tris, pH
7.2, 1 mM EDTA and pelleting between washes by low-speed centrifugation. The
washed pellet of 200 III of a 50% suspension of streptavidin-agarose was then incubated
with the BglI-digested insert mixture for 30 minutes at 4°C and the beads pelleted to
remove the contaminating biotinylated fragments. The digested insert was then
phenol/chloroform extractedand dried down to the desired volume following standard
protocols (Sambrook et aI., 1989).
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The insert was ligated according to standard procedures into SfiI-cut fUSES
vector from which the stuffer fragment had been removed either by' gel purification by
electrophoresis in a 1% agarose gel, followed by excision of the band, electroelution
using an Elutrap (Schleicher & Schuell), and ethanol precipitation or by isopropanol
precipitation followed by ethanol precipitation. The ligation product was
phenol/chloroform extracted and ethanol precipitated. The clean ligation product was
then electroporated into 0.05 ml of ElectroMax DHI0B competent cells (BRL) using a
Gene Pulse~ (BioRad) set at 200 ohms with 25 ~FD capacitance, applying 2500 volts
across a 0.2 cm electrode gap cuvette. Immediately after electroporation, the cells were
incubated with shaking at 37°C in 2 ml of SOC medium (BRL) containing 0.2 Jlg/ml
tetracycline for 60 minutes. Cells from ten electroporation reactions were pooled and
propagated either on NZCYM plates (Remel) containing 40 ~g/ml tetracycline at
approximately 100,000 co~onies per plate or in 1 L liquid Luria broth containing 40
/
~
~g/ml tetracycline at 37°C. At the same time, small aliquots of the pools were titered on
L....
tetracycline plates to determine the total number of colonies and the percentage of phage
with inserts. After 48 hours of replication, phage were harvested as described (Scott and
Smith, 1990), PEG precipitated and titered. A total of approximately 100
electroporations were done in this manner, and phage were pooled to theoretically give an
equal representation of all different phage. Twenty colonies from the primary titration
plates were analyzed by PCR amplification for the presence of insert, using primers
which lay upstream and downstream of the random epitope. A portion of the library was
further amplified by infecting starVed E. coli K91K cells (provided by George Smith)
12
with 500 III of the library pool and growing overnight in 1 liter of IX Luria broth 40'
,
Ilg/ml tetracycline. These phage were harvested, PEG precipitated twice, and titered. A
portion of this amplified library stock was further purified through a CsCI gradient in an
ultracentrifuge swinging bucket SW41 rotor at 35,000 rpm for approximately 18 hours.
The phage were pelleted by centrifugation at 50,000 rpm for 4 hours in an ultracentrifuge.
and then titered. The amplified library has a complexity of approximately 1 X 108
different epitopes and a titer of approximately 3 X 1012 phage per ml.
In addition to this library, a second library (hereafter referred to as the Cys-
constrained library) was made following the procedure described above. This library
contains the same 15 amino acid random epitope constrained on either side by a cysteine
residue resulting in a fusion protein with the sequence [NH2-Ala-Asp-Gly-Ala-Cys-X1s-
Cys-Gly-Ala-Ala-Gly-Ala-Glu-Thr...]. It was hypothesized that the cysteines would
allow the formation of a rigid loop structure which may be able to bind to the monoclonal
antibody more tightly. This library was also amplified according to the procedure
described above. This amplified library has a complexity of approximately 1 X 108
different epitopes and a titer of approximately 6 X 1011 phage per ml.
The ability of both epitope libraries to be screened with monoclonal antibodies
such that specific phage can be discriminantly selected has been proven multiple times in
our laboratory. Two specific examples are the phage selections resulting from screening
the unamplified, random peptide library with HIV monoclonal antibody 447-52D (Keller
et aI, 1993) and screening the amplified, random library with HIV mAb 2F5 (Conley et
aI, 1994). The sequences of the phage selected by these antibodies confirmed the
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antibody epitopes as detennined by other laboratories (Gorny et aI, 1992; Muster et aI,
1993). The specific procedures which we used to screen our libraries are described below
with those procedures used in conjunction with mAbs 447-52D and 2F5 being designated
as historical.
Monoclonal Antibodies
Human monoclonal antibodies 126-6 and 167D were kindly provided by Dr.
Miroslaw Gorny. These antibodies were derived from Epstein-Barr virus transfonnation
of lymphocytes from HIV-infected individuals-followed by fusion to SHM-D?3 mouse x
human heteromyeloma. The antibodies were selected for their ability to bind to gp41 in
whole virallysates (Xu et aI, 1991).
Bead Coating Procedure
Historical. Polystyrene beads Cf4 inch polystyrene with specular finish, Precision
Plastic Co.) were incubated with 5 Ilgfml of desired human monoclonal antibody in 50
mM Na2C03, pH 9.6,0.02% sodium azide at 4°C overnight. The next day the coated
beads were washed 3 times with phosphate-buffered saline and once with water. After
washing, the antibody-coated beads were air dried and stored frozen at -20°C until use.
Before use, the antibody-coated beads were incubated with 10 mg/ml BSA in 50 mM
Tris, pH 7.5,150 mM NaCI, 0.5% Tween 20 (TTBS) for 4 hours.
Current. The procedure was the same as the historical bead coating procedure
described above except that 3 Ilgfml of human monoclonal antibody 126-6 and 4 Ilgfml
14
ofmAb 167-D were used during bead coating.
Phage Selection
Historical. The random epitope phage library was incubated with one antibody-
coated bead at 4°C overnight with gentle rocking in TTBS, 1 mg/ml BSA. Typically, a
total volume of 1 ml containing 1011 total phage (1,000 copies of each original
independent phage) was used. The next day, the bead with its bound phage was washed
10 times with 10 ml of TTBS for 10 minutes per wash, at room temperature with gentle·
rocking. The wash liquids were carefully drained off the bead between each wash. The
bound phage were eluted from the bead by incubating for 10 minutes in 200 ~l of 0.1 N
HCl, pH 2.2 with glycine, 1 mg/ml BSA. The eluted phage solution was neutralized with
12 ~l of2 M Tris, pH unadjusted. A volume of 100 ~l eluted phage was then used to
infect an equal volume of starved E. coli K91K cells. The phage and cells were incubated
10 minutes at room temperature. A volume of 1.8 ml of IX Luria broth, 0.2 ~g/ml
tetracycline was added to the tube and the mixture was incubated for 20 minutes at 37°C
with shaking. Infected cells were then plated onto NZCYM plates containing 40 ~g/ml
tetracycline. In addition, small aliquots of the infected cells were titered on tetracycline
plates to determine the total number of cells infected. In theory, each colony that grows
represents infection by one independent phage. The number of phage selected from one .
bead varies according to the particular monoclonal antibody. The phage were harvested,
PEG precipitated, resuspended in 0.5 ml ofTBS, 0.02% sodium azide, and titered
according to the protocols of Scott and Smith (1990).
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Current. The procedure (depicted in Figure 4) was the same as the historical
phage selection process described above except that three rounds of selection and
amplification were completed. Approximately 1010 eluted, amplified phage from the first
round of selection were incubated with a new antibody-coated bead and selection was
carried out as described. The eluted phage from the second round were regrown and
harvested as described above. Approximately 1010 eluted, amplified phage (109 phage
from the cys-constrained library screened with mAb 126-6) from the second round of
selection were incubated with a new antibody-coated bead and selection was completed
as described. The eluted phage from the third round were regrown, harvested, and titered
as described above.
Screening of Selected Phage
Historical. After one round of selection, the infected colonies were screened for....
the ability to bind antibody as follows. Plates were incubated until colonies reached a
diameter of 1 to 4 mm. A nitrocellulose disk was placed onto the plate, lifted, and placed
in a solution of 10% evaporated milk, TTBS for 4 hours. The disk was then washed 3
times in TTBS and placed in 1% milk, TTBS with 1 ~g/ml antibody. It was incubated at
4°C overnight with gentle rocking. The next day, it was washed 4 times in TTBS for 20
minutes with gentle rocking. The disk was then incubated in 1% milk, TTBS with 1
~Ci/ml Il25-protein A for 3 hours. The disk was again washed 4 times in TTBS for 20
minutes and then placed on X-ray film overnight. Positive colonies were picked for
sequencing.
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Current. After three rounds of selection, the infected colonies were screened for
the ability to bind antibody as follows. Plates with approximately 100 to 300 colonies
were incubated until colonies reached a diameter of 1 to 4 mm. A nitrocellulose disk was
placed onto the plate, lifted, and blocked in a solution of 10% evaporated milk, TTBS for
either 4 hours at room temperature or overnight at 4°C. The disk was then washed 4
times in TTBS for 15 minutes with gentle rocking and placed in 1% milk, TTBS with
either 0.5 Ilg/ml or 1 Ilg/ml of the appropriate antibody. It was incubated at 4°C
.
overnight with gentle rocking. The next day, it was washed 4 times in TTBS for 15
minutes with gentle rocking. The disk was then incubated in 1% milk, TTBS with either
1 Ilg/ml of horse radish peroxidase-conjugated, goat anti-human IgG-Fc (Bethyl Labs) or
1 Ilg/ml of horse radish peroxidase-conjugated protein A (Amersham) for 1 hour at room
temperature with gentle shaking. The disk was again washed 4 times in TTBS for 15
minutes and then ECL detection reagent (Amersham) was added for 1 minute. The disk
was exposed to ECL Hyperfilm (Amersham) for approximately 40 minutes. Positive
colonies were picked for sequencing. Infected colonies from the first round of selection
were screened in a similar manner.
Sequencing
Historical. Phage-infected E. coli K91K cells were grown overnight at 37°C on a
roller drum in 3 ml Luria broth, 40 Ilg/ml tetracycline. The cells were pelleted and 1 III
of supernatant liquid was used as the template in PCR reactions with the oligonucleotide
primers 1008 (5'-TCG AAA GCA AGe TGA TAA ACC G-3') and 1009 (5'-ACA GAC
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AGC CCT CAT AGT TAG CG-3'). One primer was at a IOO-fold excess (500 ng) over
the other (5 ng). Primer 1008 is located 106 nucleotides upstream from the random
insert, while primer 1009 is locat~d 87 nucleotides downstream from the insert. Template
and oligomers were reacted in a volume of 100 III containing 50 mM KCI, 10 mM Tris-
HCI, pH 8.3,1.5 mMMgClz, 0.01% (w/v) gelatin, 200 IlM each dNTP, and 2.5 units Taq
DNA polymerase (Perkin Elmer Cetus). Reactions were overlaid with mineral oil and
incubated in a Perkin Elmer Cetus thermal cycler 480 for an initial 8 minute 94°C
\
denaturation, then 30 cycles of30 seconds at 94°C, 1 minute at 55°C, and 2 minutes at
72°C, followed by a 5 minute incubation at 72°C. The sample was removed from under
the oil and 2 ml of water added. The sample was then centrifuged in a Centricon 100
microconcentrator (Amicon) for 30 minutes at 1000 xg. The sample was brought to 2 ml
with water and centrifuged as above. The retentate was then collected by centrifugation
for 2 minutes at 500 xg. The sample concentration was determined by electrophoresis of
5 III in a 1% agarose gel containing 0.5 Ilg/ml ethidium bromide and visualization under
ultraviolet light. Each sample was dried in a SpeedVac with enough limiting primer (see
above) from PCR reactions (or internal primer 1059: 5'-GTA AAT GAA TTT TCT GTA
TGA GG-3', located 27 nucleotides downstream from insert) to give a 5: 1
primer:template molar ratio. The DNA/primer mixture was resuspended in 8 III water
and 2 III Sequenase reaction buffer (USB Sequenase Version 2.0 sequencing kit) was
added. The primer and template were annealed and sequencing reactions set up following
the Sequenase Version 2.0 sequencing kit protocol. A 6% sequencing gel was run at 60
watts for approximately 90 minutes. The gel was dried and exposed to X-ray film
18
overnight. The sequences obtained from screening the random epitope libraries with
monoclonal antibodies 447-52D and 2F5 are reprised from Keller et al. (1993) and
Conley et al. (1994) and are shown in Figures 5 and 6.
Current. Sequencing was done using an ABI 373 automated fluorescent
sequencer. In order to determine the best method for preparing the template DNA, three
different procedures were used and are outlined below.
Preparation of template by mini-prep plasmid DNA isolation. Positiv,e phage-
infected E. coli K91K colonies were selected and grown overnight at 37°C on a roller
drum in 3 ml Luria broth, 40 Jlg/ml tetracycline. Cells from approximately 1.5 ml of
culture were pelleted, and the supernatant was discarded. Since the double-stranded
replicative form of the fUSE5 phage behaves like a plasmid, the DNA can be isolated
'using plasmid isolation procedures. Specifically, the double-stranded DNA was isolated
using a Promega Wizard mini-prep isolation kit as follows. The cell pellet was
resuspended in 200 JlI of Cell Resuspension Solution, and then 200 JlI of Cell Lysis
Solution was added. The solution was mixed by inversion. Once the solution cleared,
200 JlI of Neutralization Solution was added. The solution was again mixed by inversion,
and cellular debris was pelleted by centrifugation. The phage DNA was collected by
running the sample through a DNA purification column under vacuum and eluting with
50 JlI of water by centrifugation. The sample concentration was determined by
,
electrophoresis of 5 JlI in a 1% agarose gel containing 0.5 Jlg/ml ethidium bromide and
visualization under ultraviolet light. The sample was then purified for sequehcing by
precipitating with 0.1 volumes of sodium acetate and 3 volumes of ice-cold ethanol and
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freezing on dry ice. DNA samples were collected by centrifugation for 15 minutes in a .
microcentrifuge at 4°C, washed with 70% ethanol to remove excess salt, and centrifuged
for another 15 minutes at 4°C. Samples were dried down to pellets in a speed vac and
resuspended to a final concentration of approximately 100 ng/1l1 as determined by
electrophoresis of 0.5 III in a 1% agarose gel containing 0.5 Ilg/ml ethidium bromide and
visualization under ultra\Aiolet light.
Preparation'of template by asymmetric peR. Phage-infected E. coli K91 K
cells were grown overnight at 37°C on a roller drum in 3 ml Luria broth, 40 Ilg/ml
tetracycline. The cells were peUeted and 2 III of supernatant liquid was used as the
template in PCR reactions with the oligonucleotide primers 1008 and 1009 (see historical
sequencing procedure for sequences). One primer was at a 1DO-fold excess (500 ng) over
the other (5 ng). Template and oligomers were reacted in a volume of 100 III containing
50 mM KCI, 10 mM Tris-HCI, pH 8.3, 1.5 mM MgCI2, 0.01 % (w/v) gelatin, 200 IlM
each dNTP, and 2.5 units AmpliTaq DNA polymerase (Perkin Elmer Cetus). The
reaction was incubated in a Perkin Elmer Cetus thermal cycler 9600 for an initialS
minute 94°C denaturation, then 30 cycles of 30 seconds at 94°C, 30 seconds at 55°C, and
1 minute at 72°C, followed by a 6 minute incubation at noc. The sample was added to 2
ml of water in a Centricon 100 microconcentrator (Amicon) and then centrifuged for 30
minutes at 1000 xg. The sample was brought to 2 ml with water and centrifuged as
above. The retentate was then collected by centrifugation for 2 minutes at 500 xg. The
sample concentration was determined by electrophoresis of 10 III in a 1% agarose gel
containing 0.5 Ilg/ml ethidium bromide and visualization under ultraviolet light.
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Preparation of template by double-stranded peR. Samples were prepared in
the same manner as for asymmetric PCR except that equal concentrations (500 ng) of
primers 1008 and 1009 were used during PCR.
Sequencing with the ABI373 Automated Fluorescent Sequencer. Template
concentrations used in sequencing reactions were as follows: approximately 500 ng of
mini-prep template DNA, approximately 50 ng (6 Ill) of double-stranded PCR template,
or the entir~ asymme~ic PCR product (approximately 50 ng) by first drying the sample to
a pellet in the speed vac and then resuspending the pellet in 6 fll of water. In a' 0.2 ml
PCR tube, the appropriate amount of template DNA was added to 3.2 pmoles of either
primer 1008 or 1059 (see historical sequencing procedure for sequence), 8 III of PRISM
dye terminator reaction mix with AmpliTaq DNA polymerase, FS (ABI), and enough
water to bring the final reaction volume to 20 Ill. The tubes were centrifuged briefly to
bring the entire sample to the bottom of the tube. Reactions were incubated in a Perkin
Elmer Cetus thermal cycler 9600 for 25 cycles of 10 seconds at 96°C, 5 seconds at 50°C,
. .
and 4 minutes at 60°C. Excess primers and unreacted, fluorescently labeled dNTPs were
removed from the samples by centrifugation through Centri-Sep spin columns (Princeton
Separations) according to the manufacturer's protocols. The samples were then dried
down in a speed vac and resuspended in 4 III ofloading buffer (5 parts deionized
formamide : 1 part blue dextran in 50 mM EDTA) with vortexing. The reactions were
centrifuged briefly, heated to 95°C for 2 minutes to denature, centrifuged briefly, and put
on ice. Three III of each reaction was loaded on a 4.75% polyacrylamide gel and
electrophoresis was carried out-at 32 watts for 14 hours on·an ABl3?3 automated DNA·
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sequencer according t9 the manufacturer's protocols.
Determination of Antibody Binding to Secondary Antibody
A two-fold dilution series starting at 125 ng and ranging down to 0.94 ng of either
mAb 126-6 or mAb 167D was spotted on a nitrocellulose filter. The filter was dried
briefly at room temperature and then blocked in 10% milk, TTBS for 2 hours at room
temperature with gentle shaking. The filter was washed 3 times for 15 minutes in TTBS
at room temperature with gentle shaking. The filter was then incubated in 1% milk,
TTBS with either 1 Jlg/ml of horse radish peroxidase-conjugated, goat anti~human IgG-
Fc (Bethyl Labs) or 1 Jlg/ml of horse radish peroxidase-conjugated protein A
(Amersham) for 1 hour at room temperature with gentle shaking. The filter was washed 4
times in TTBS for 15 minutes at room temperature with gentle shaking and then ECL
detection reagent (Amersham) was added for 1 minute. The filter was exposed to ECL
Hyperfilm (Amersham) for approximately 5 minutes.
Determination of Antibody Binding to HIV Antigens by Western Blot.
Custom western blot strips containing HIV-1 proteins from inactivated HIV-l
virallysates (Cambridge Biotech) were processed as per kit instructions. Briefly, strips
were placed into the provided wells and rehydrated with IX wash buffer (from kit) for 10
minutes on a rocking platform. The wash buffer was removed by aspiration, and the
strips were incubated with the specified sample or control diluted in 2 ml of 1X blotting
buffer (from kit). The strips were protected from the light and incubated at room
22



















only work if the epitopes recognized by mAb 167D are truly linear.
Possible Functions of the mAb 167D Binding Region in Virus Infectivity
Assuming that at least the gp41 immunodetenninant is the correct binding epitope
for antibody 167D, one can then speculate what, if any, function this region of the gp160
glycoprotein has in virus infectivity. Although this antibody has exhibited no virus
neutralization capability to date, it has been shown to mediate antibody-dependent
cellular cytotoxicity (Xu et aI, 1991), a function which may reduce the levels of free virus
and thereby serve to lower virus burden in the host. In addition, the cluster II region of
gp41 has been identified as a weak cytotoxic T-lymphocyte epitope (Takahashi et aI,
1988). Wild et al (1994) demonstrated that a peptide containing both the ELDKWA
epitope and the proposed gp41 epitope for mAb 167D as well as additional upstream
residues is a potent inhibitor of virus-mediated cell-cell fusion. It also is an effective
inhibitor of cell-free virus infectionofCD4-expressing cells. Vanini et al (1993) showed
that an antibody which primarily recognizes the gp41 residues ELLELDKWAS also was
capable of inhibiting the fusion process. In addition, they detennined that the levels of
this antibody decreased as the disease progressed, implicating the function ofthe
antibody to an early step of viral infection such as viral entry. Monoclonal antibody 2F5
has also been shown to be a potent fusion inhibitor as well as a potent broadly
neutralizing antibody (Purtscher et aI, 1994). However, Neurath et al (1995) argue that it
is not the direct interaction of mAb 2F5 with the ELDKWA domain which inhibits the
fusion process, but rather that the binding of mAb 2F5 to the ELDKWA domain alters the
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accessibility or conformation of the true gp41 fusion domain. Likewise, they argue that
this antibody-binding event also alters the accessibility or conformation of the gp120
binding site for the CD4 cell receptor. Whatever the precise function of monoclonal
antibody 2F5, it is clear that this region of the gp41 glycoprotein plays important roles in
virus infectivity either directly in the fusion process or indirectly by maintaining the
envelope structure. Although it seems that the ELDKWA domain is the central
component to this region of the virus, this does not mean that the amino acids
immediately surrounding this domain have no important functions. They may be
providing stability to the ELDKWA domain or may be necessary for the domain to
function properly. The importance of the proposed mAb 167D binding domain can be
investigated in more detail through mutagenesis of amino acid residues in this region of
the virus and determination of the effect these changes have on viral infectivity.
43


Amino Acid
Methionine
Serine
Threonine
Tyrosine
Tryptophan
Asparagine
Glutamine
Structure
H
I
HO-CH -C-COO-
2 I
tJH 3
H
Ho-O-~CH -6-coo-
_ 2 I
~H3
NH2 H
" IC-CH -CH -C-COO-
.f' 2 2 I
o ~H3
Characteristics
Nonpolar
Neutral
Hydrophobic
S-containing Side
Chain
Polar
Neutral
Small
Hydrophilic
Aliphatic
Hydroxyl Group
Polar
Neutral
Small
Hydrophilic
Aliphatic
Hydroxyl Group
Polar
Neutral
Hydrophobic
Aromatic
Hydroxyl Group
Polar
Neutral
Hydrophobic
Aromatic
Polar
Neutral
Small
Hydrophilic
Polar
Neutral
Hydrophilic
Table 2: Amino Acid Structures and Characteristics (con'd.)
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Figure 1: Schematic ofPhage Containing Random Insert
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Figure 2. fUSES Gene III DNA Sequence in the Region ofRandom Insertion
The DNA sequence of gene III for both fd-tet and fUSES phage are depicted
showing how fUSES was genetically engineered with sm sites to allow insertion of the
random peptide. The SftI restriction sites generate noncomplementary 3' overhangs
which cannot self-ligate. The random insert, when digested with BglI, will have
complementary ends to the sm overhangs.
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Digestion with Sfi I removes a 14-base pair fragment which disrupts the gene
reading frame and prevents phage infection.
Addition of an insert which retains the reading frame without stop codons will
restore infectivity.
sr-TCclacTI--------------------------------GAAIA--CTIGTTIGAAIAGT
5' -TCG Iacc IGjC IGITG Iacc ITOO ICCT II CTa1GOO ICCG IAAA I--CTG ITTG IAAA IGT
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Figure 3. Procedure for Making Random Insert
This flowchart shows the procedure for making the peptide insert for the random
phage library. The procedure for making the peptide insert for the cysteine-constrained
library was the same except that nucleotides coding for cysteine were included on either
side of the random region.
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Figure 4. Procedure for Screening the Phage Libraries
This flowchart shows the procedure used for screening the peptide libraries with
monoclonal antibodies 126-6 and 167D. The amount of antibody used to coat the beads
varied with each antibody (see Materials and Methods). Approximately 1011 phage from
each of the libraries were used in each antibody screen.
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COAT RIA BEAD WITH ANTIBODY
~
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~
IDENTIFY POSITIVES
~
SEQUENCE
Figure 4: Procedure for Screening the Phage Libraries
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Figure 5. Phage Sequences Identified by Screening Library with mAb 447-52D
The 55 sequences isolated by screening the random peptide library with the gp120
'.
monoclonal antibody 447-52D are shown. The phage sequences display the common
GPXR motif found in the V3 loop region of gp120. At the time ofthis screening, the
library had a lower complexity of 4 X 107•
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LLRTIMIGPGRLLHS
GQIIFIGPGRLGNGE
TELGRGYISHGPARG
TKIGPGRVFDGRWRF
YLAMRGAGYMIGPAR
VHFIGPQRGGNSSHL
RSSSW AWRHLYGPAR (14)
NGLKLCRVGPSREGC
GLYTCMYGPSRHICV
ACWSREYGPARMSCT
ITPRLYGPSRHRYNQ
VFKVINRI LHYGPNR
DLQARSKTYFYGPGR
ARGWGGVFYGPGRGE(2)
FFYGPGRYPPRFKL G(2)
FYTSGKTI FYYGPRR
GPSLFNSGVRYGPKR
NRYGPGRVGFVRSQP
DVGWVTGTQHYGPRR
WSWVRLKAVLLGPSR
CATSIGGVLFGPGRG
RFQEGQKVLVGPGRR
LDQYRVLLWGPGRTT
GILRQPLLIGPGRAP
CKPRAPHLFGPARGL
SCHTSVLVGPGRQDN
YYYRNVLVGPGRWWL
WLRVLLGPARPIYWR
LQLLI GPGRTVGKI R(2)
LLLIGPGRELRPINL
I LFGPGRCSV0AVSG(2)
LLLGPARAPVRVNLA
PYSDLLLSKYFGPGR
VLKILRHAYFGPGRW
NYFGPGRGGVVVTGH
QIWYFGPGRSQSGSM
VLRCFGPLRDARCSV
QVFGPGRTNPRSNLL
TWHLRVRGAHFGPAR
PRLETHFGPKRSHVG
VLVWQRKVFFGPHRS
WDTLGWVVSNFGPGR
QGLLRVLYAFGPGRV
HERDLVRFGPNRDWR
HSQAVKFGPGRTLVP
YGRFSFGPGRGYHVI
W0 RGNSSG RHLGPAR (2)
HLGPSRGANLGKIGA
WRLGPGRGSHPCRLG
WRHHLGPGRDYAGPA
LHVGPNRGKSEDNYR
LHVVQVGPARTFLQG
VRHHGPGRGHVLGIT
RIRLPRGPGRPQTTH
NCSVHVGAGRNSAWC
Figure 5: Phage Sequences Identified by Screening Library with mAb 447-52D
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Figure 6. Phage Sequences Identified by Screening Library with mAb 2F5
The 20 sequences isolated by screening the CsCI-pure amplified random peptide
library with the gp41 monoclonal antibody 2F5 are shown. The phage sequences display
the cornmon ELDKWA motif found in the gp41 cluster II region. The complexity of the
library used in this screening was approximately 1 X 108•
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f.msf<F26>
f.msHF27>
f.msHFll>
f.msHFl4>
f.msHFl>
f.msHFl3>
f.msHFlS>
f .msHF23)
f .msHF25)
f.msHF17)
f .msHF2B)
f.msHFl5}
f.msHFS}
f.msHFS)
f .msf{FlS}
f .msHF20)
f .msf{Fl2}
f.msHF24}
f .msf{F22)
f.msf{F4}
P K MG 5 L H MN D K WV 5 V - - - - - - -
- - - - - MKED DK WVP V KGR KF - -
- T P DGT L F F DK WS L F R - - - - - -
- - - - AF MT VDK WAMF WPTe - - -
- - R GR ADE P DR WAL MF D- - - - -
- - VVN5 L P L DR WAY 5 YE - - - - -
- - - - - MLEG DK WSOl GMVF V- -
- - - - - VF E L DK WS GR DEE WA- -
TAN S H WLEY 0 R WS E V- - - - - - -
- - - - - E NA I DK WAT L YWAY G - -
- - - - - - DOL 0 R WGR TOW NF F L -
- - - - HMS P F 0 K WE FIT AR R - - -
- - XP L P 5 D L DK WE F L NR - - - - -
- - - - - E DV LOR WVL L 0 H W0 S - -
- - - - - - - 0 KDK WAS LOA R TOM W
- - - - - - - E LOR WAE L E MR GHL N
- - - MSHY DID K WGGMT S C - - - -
- - - - - - - E L DK WGWMAS HE AH I
- - - - S L F SED K WS YL HS NA- - -
- - GOT AADL 0 K WYV G GD- - - - -
Figure 6: Phage Sequences Identified by Screening Library with mAb 2F5
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Figure 7. Monoclonal Antibodies 126-6 and 167D Bind to Secondary Antibodies
The ability of both monoclonal antibodies to bind to secondary antibodies is
demonstrated. Either antibody 126-6 or 167D was serially diluted and spotted onto a
nitrocellulose filter. Antibody concentrations in each panel are: (top row from left to
right) 125 ng, 62.5 ng, 31.25 ng, 15.6 ng; (bottom row from left to right) 7.53 ng, 3.75 ng,
1.88 ng, .94 ng. Secondary antibodies used were either horse radish peroxidase-
conjugated goat anti-human IgG Fc or horse radish peroxidase-conjugated protein A at a
concentration of 1 Ilg/ml (see Materials and Methods). (A) mAb 167D, horse radish
peroxidase-conjugated goat anti-human IgG Fc; (B) mAb 167D, horse radish peroxidase-
conjugated protein A; (C) mAb 126-6, horse radish peroxidase-conjugated goat anti-
human IgG Fc; (D) mAb 126-6, horse radish peroxidase-conjugated protein A.
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Figure 8. Sequencing Electropherogram of Phage Clone 167D-Al
A sequencing electropherogram generated from the ABI373 fluorescent sequencer
for double-stranded PCR template DNA from phage clone 167D-Al. Approximately 50
ng of template DNA was used in the sequencing reaction along with 3.2 pmoles of primer
1008. The random insert area begins at sequence position 113 and ends at position 157
inclusive.
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Figure 9. Sequencing Electropherogram of Phage Clone 167D-Al (reverse direction)
A sequencing electropherogram generated from the ABI373 fluorescent sequencer
for double-stranded PCR template DNA from phage clone 167D-Al (reverse direction).
Approximately 50 ng of template DNA was used in the sequencing reaction along with
3.2 pmoles of primer 1059. The random insert area runs in the reverse direction and
begins at sequence position 85 and ends at position 41 inclusive.
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Figure 10. Phage Sequences Isolated from Antibody 167D Screen
The six phage sequences isolated from screening the CsCl-pure and cysteine-
constrained amplified random peptide libraries with monoclonal antibody 167D. The
amino acid translation for each phage sequence is shown below the nucleic acid
sequence. The constant ADGA and GAAGA linkers present on either side of the random
insert are also shown in these sequences. The alignment and translation shown was done
using the ABI Seq-Ed® sequencing analysis program.
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Figure 11. Positive Colonies Selected After a Round of Phage Screening
The typical selection ofpositive phage colonies from a round of phage screening.
The colonies range in color intensity from black to light gray. These phage were selected
from the third round of screening with monoclonal antibody 167D. The secondary
antibody used in selection was horse radish peroxidase-conjugated goat anti-human IgG
Fc, and detection was achieved with Amersham ECL chemiluminescent detection
reagents (see Materials and Methods).
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Figure 11: Positive Colonies Selected After a Round of Phage Screening
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Figure 12. Phage Sequence Comparison to North American HIV-I Consensus
The amino acid sequences from the selected 167D phage are compared to each
other and to an envelope consensus sequence ofNorth American HIV-I viral strains
which was obtaine.sl from the Los Alamos National Laboratory HIV Sequence
Compilation (Myers et aI, 1995). A copy of these sequences can be found in Appendix
A. This alignment was done manually. Alignment to two different regions of the
envelope protein was found. In the consensus sequences, a capital letter indicates 100%
conservation of that amino acid in HIV-1 viral strains; a lower case letter indicates at
least 50% conservation; and a "?" indicates no consensus residue.
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Insert Sequence Selected
gp41 EPITOPE DETERMINANT s L wnW f ? I
gp120 EPITOPE DETERMINANT ": 9 9 e f f Y 2
.-
Clone Note
167D-A1 (48X) Y Y S D F D W F S S S D F L P
167D-C1 PGGElNTYWQFGWTT
167D-C2 L EWGWLGSGGLGYRE
167D-C4 E V M HAG E V W Y V E G F W
167D-C5 NAGRGDGRMYWL F DW
167D-C6 GWGEVYSLFDWVGYV
1 Sequence from consensus of North American HIV-1 strains at positions 618-625 (Myers et ai, 1995)
Capital letter indicates absolute conservation; lower case letter indicates at least 50% conservation.
2 Sequence from consensus of North American HIV-1 strains at positions 353-358 (Myers et ai, 1995)
Capital letter indicates absolute conservation; lower case letter indicates at least 50% conservation.
Figure 13. Secondary Structures of the Isolated 167D Peptide Sequences
The hypothetical secondary structures of the six isolated 167D phage sequences
are shown. The structural analysis were performed using the Genetics Computer Group
(GCG) Sequence Analysis Software Package. The diamonds in the figures represent
areas of hydrophobicity while the octagonal shapes represent regions of hydrophiIicity.
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167D-Al N'2
167D-Cl
Figure 13: Secondary Structures of the Isolated 167D Peptide Sequences
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167D-C2 ~
167D-C4
Figure 13: Secondary Structures of the Isolated 167D Peptide Sequences (con'd)
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Figure 13: Secondary Structures of the Isolated 167D Peptide Sequences (con'd)
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Figure 14. gp41 Epitope Alignment of Virus Strains
The consensus amino acid sequence aligned with sequences from North American
HIV-1 viral strains from the same region of gp41. These sequences were copied with
permission from the Los Alamos National Laboratory HIV Sequence Compilation
(Myers et aI, 1995). Also shown is a sU1IlIl1ary of the amino acid variability among North
American HIV-1 viral strains for each position of the consensus sequence.
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gp41 Epitope Alignment of Virus Strains
CGJSENSUS s L w n W f ? I
HEI20BL G 0 L G
COC42 T 5 0
OYI G 5 5
ENVVA 0 0
JH32 T
US3 N T 0
68A N 5 5
Summary of Variability at Each Position
N=5 5=10 5=1 0=31
0=2 L=1 N=14
T=4
G=2
E=1
Figure 14: gp41 Epitope Alignment of Virus Strains
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Figure 15. gp120 Epitope Alignment of Virus Strains
The consensus amino acid sequence aligned with sequences from North
American HIV-l viral strains from the same region of gp120. These sequences were
copied with permission from the Los Alamos National Laboratory HIV Sequence
Compilation (Myers et aI, 1995). Also shown is a summary of the amino acid variability
among North American HIV-l viral strains for each position of the consensus sequence.
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gp120 Epitope Alignment of Virus Strains
CO'JSENSUS
CB3
SF2
TB132
92BR021.6
9 9 e f f Y
G L
R
W - x
A
Summary of Variability at Each Position
R=9 K=2 L=1 F=4
W=1 G=1 x=1
A=1
Figure 15: gp120 Epitope Alignment ofVirus Strains
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Figure 16. Binding of Monoclonal Antibodies to HIV-1 Proteins
A Western blot using custom immunoblot strips purchased from Cambridge
Biotech. The proteins on these blots were from inactivated HIV-1 virallysates. The
protein positions are labeled on the right. Lane 1 - incubated with 5 ~g ofmAb 2F5;
Lane 2 - incubated with 10 ~g of mAb 167D; Lane 3 - incubated with 5 ~g of mAb
167D; Lane 4 - incubated with 10 ~g ofmAb 126-6; Lane 5 - incubated with 5 ~g of
mAb 126-6; Lane 6 - incubated with a 1:400 dilution of HIV positive human sera 498;
Lane 7 - negative control; Lane 8 - kit low positive control; Lane 9 - kit high positive
control.
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Figure 16: Binding of Monoclonal Antibodies to HIV-1 Proteins
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Figure 17. Antibody 167D Binds Specifically to 167D-selected Phage
Only phage colonies selected with mAb 167D are recognized by that particular
antibody when lifted onto nitrocellulose filters and probed with mAb 167D primary
antibody and I125-protein A secondary antibody. Panels A and B show positive colonies
from filters lifted from plates containing 167D-Al phage or 167D-Cl phage respectively.
In contrast, panels C and D show no positive colonies from filters lifted from plates
containing 447-28 phage or 447-22 phage respectively. The background level seen in all
panels is due to using Protein A as the secondary antibody.
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Figure 18. Proposed Structure of gp160 Showing Hypothetical mAb 167D Binding Sites
The proposed structure of gp160 based on the structural analysis of Modrow et al
(1987). The variable regions ofgp120 (VI-V5), as well as the Cl and C5 constant
regions, are shown. The hypothetical binding sites of monoclonal antibody 167D are
shown for gp41 (sLwnWf?I) and for gp120 (ggeffy).
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Figure 18: Proposed Structure of gp160 Showing Hypothetical mAb 167D Binding Sites
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Appendix A
A compilation of HIV-I North American viral sequences of the ENV gene is
reprinted here from the "Human Retroviruses and AIDS" compilation with permission
from Myers et al (1995). The compilation includes a consensus sequence generated from
the viral strains. In the consensus, upper case letters refer to amino acid residues which
are conserved in 100% of the sequences analyzed and lower case letters represent amino
acid residues conserved in at least 50% of the sequences. The symbol "?" indicates no
consensus at a particular position. Within the viral sequences, "-" is used to indicate
residues conserved with respect to the reference sequence and "." represents gaps in the
sequence. The symbol "$" indicates a stop codon, and the symbol "#" indicates a
frameshift or untranslatable situation. Blank spaces within the alignment indicate lack of
sequence information over that region. Annotation of the ENV amino acid sequences
utilizes "*,, for conserved cysteine residues and "/\1\/\" for potential N-linked
glycosylation sites.
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CONSENSUS-B
SF2
SF2B13
LA1
HXB2R
NY5CG
NL43
JRCSF
JRFL
ALAI
JH32
BALI
YU2
BRVA
91US005.11
91US006.10
BZ167A
MA208
ETR
BA1A
MN
QZ4589
CAM1
AOA
JFL
S1M184
BCSG3C
031
SFl62
OYI
SF33
CDC42
HAN
*
??mrvkgirknyqh1?wr????????w.GtmllGmlmic.sa??e.?lWvTvYyGVPVWkeatTTLFcAS
· . -K---T-R-----. -- -. --L--------. --. T- .K-----------------------
· . -K--ET-------. -- -. -1L--------. -- .K- .K-----------------------
----E K----.--WG WK-.------1----.--.T-.K-----------------------
----E K----.--WG WR-.-----------.--.T-.K-----------------------
--A--T-------.-- -.-----------.--.A-.Q-----------------------
----E ... K----.--WG WK-.------1----.--.T-.K-----------------------
-------------.-K '" ..G.-IL---T----.--.V-.K--------------T--------
--------S--Y-.-K G.--L---1----.--.V-.K-----------------------
-------R---R-.-- -.-I----1----.--.T-.K-----------------------
-------------. -- -. ------1----. -- .A- .Q---------------A-------
---TE---S---W.-- -.-1----I----.N-.E-.K-----------------------
--ATE--------. -K G. --L--------. -- .A- .Q-----------------------
------K------.--W G.-M----I----.--.TO.K---------------N-------
., ."---T----P--.-GWGI WR-.-1---------.--.AO.K--------------T--------
· .. "--E--------.--WGTMLL.R-.-M---------.--.A-.EK----------------------
· .-G-----------.-KWGTM..WR-.-----------.--.A-.Q-----------------------
---R---R-----.--WGTMLLG1-.-----------.--.AO.N-----------------------
----E--------.--WGIML.. R-.-----------.--.A-.Q-----------------------
---TE---S---W.-- -.-1---------.N-.E-.K-----------------------
-------R----W.-G -.------L----.--.T-.K-----------------------
---R---R-C---.-T -.--------1--.--.T-.Q-----------------------
--A------C-R-.-- -.-----------.--.AO.K-----------------------
· .-K-----------.-K -.-1---------.--.V-.N-----------------------
----E----C---.-- -.-----------.--.AG.K-----------------------
---------C---.-- -.-----------.--.V-.Q-----------------------
----E--------.-- -.----F-1---Y.--.AG.N-----------------------
· .-K--E--------.-- -.-----------.--.T-.K-----------------------
-------------.-- G.--L--------.--.V-.K-----------------------
· .-TAR-T-----R-.-- -.-----------.--.A-.N-----------------------
--ARET-----C-.-- -.-----------.--.A-.N-------------0---------
MA--A------C---.-- -.-----------.--.AA.N-----------------------
.. -K--ET-----R-.-- G.--L-------S.-V.AG.N-----------------------
Appendix A - Consensus Residues 1-53
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53
55
55
56
56
55
56
55
55
55
55
55
55
56
58
60
61
63
61
55
55
55
55
55
55
55
55
55
55
55
55
57
55
CONSENSUS-B
ENVVA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711014
91US712.4
92US714.1
92US715.6
92US716.6
92HT593.1
92HT594.10
92HT596.4
92HT599.24
91HT651011
RJS
GUN
SC
92BR014 .1
92TH026.6
92BR021.6
ACH9
ACP1
JM
WM
P896
VEl
VE2
VE3
VE4
VE5
VE6
VE7
VE8
68A
US1
US2
US3
US4
8020
17305
24612
26807
27290
27481
4995
CM237X
91HT652.11
3202A12
3202A21
MANC
WEAU160
SAL1
<- vpU cds
signal peptide / gp120
*
??mrvkgirknyqhl?wr????????w.GtmllGmlmic.sa??e.?lWvTvYyGVPVWkeatTTLFcAS
--A--T-------.-- -.-1---------.--.A-.Q--------------T--------
---MEM---C---.-K.......• -.-----------.--.A-.D-----------------------
------MR-C---.-I -.----F--W---.--.V-.Q-----------------------
----E----C---.-- -.--L---1---S.--.A-.N-----------------------
... #--EM--HW--W.-K G.-1L--------.--.KD.N--------------------G--
... #-T------RQ-.-- .....•.. -.------I----.--.A-.K-----------------------
... #---T-------.-K -.-----------.--.A-.N---------------1-------
... #-TE----C--W.-- -.-1-------T-.NN.A-.ES----------------------
xA--------P-.$I -.-------W---.--.E-.N-----------------------
... #-T-----C--W.-K -.-1----I----.N-.T-.K---------------N-------
... #-T-----C--W.-K -.-M----I----.NT.. -.N-----------------------
... #A-EM--HC---.-- R.-1-------T-.--.A-.N-----------------------
..·.#-T-----~---.-K -.-1---------.--.V-.Q~----------------------
... #-T---------.-K -.-1---------.--.V-.Q-----------------------
... #-------C---.-- -.-M----L----.--.T-.RF------------D-1-------
... #A-EM--HW---.-T -.------I----.-S.E..Q-----------------------
--ARE--T-W---.-- -.-----------.--.T-.N-----------------------
x.A-.K-----------------------
-----SGR-----.-- -.------I----.--.A-.Q-----------------------
xA------C--WC-- -.-1---------.--.T-.K-----------------------
x-T---------.-- -.-----------.--.AN.N--------------------G--
---------C-R-.-- -.-1-------T-.--EED.K-----------------------
----E----W-- .. L- G.-1L--------.--AK-.KT---1-------R----------
-.T-.K-----------------------
-.T-.K-----------------------
-.T-.N---------------S-------
-.T-.QS----------------------
-.A-.Q-----------------------
-.TN.K-----------------------
-.AG.N---------------1-------
-.A-.Q-----------------------
--------- .. Y-.-- -.-M---------.--.T-.K-----------------------
----ET-------.-- -.-1L---T----.-- .. -.K--------------------G--
------K-T-R--.-- -.------I---S.--.AG.Q--------------------G--
----E----C-R-.-K -.-----------.--.A-.NS-------------------G--
--AMEM--HC---.-- G.-1L---I----.R-.TT.V-----------------------
-.T-.K-------------D---------
-.T-.Q-----------------------
-.Q- .. K-------------T--------
-.K-.K-----------------------
-.K-.K-----------------------
-.T-.K-----------------------
-.E-.QV----------------------
x--------------------
xA-EM--HC---.-- G.--L--------.-- .. -.N-----------------------
-K--ET-------.-- -.-----------.--.A-.Q-----------------------
-K--ET-------.-- -.-----------.--.A-.Q-----------------------
-K--E------N-.-- -.--LF-------.--.E-.K-----------------------
-------------.-K -.-I----I----.--.A-.N-----------------------
---ME-K----YW.-E G.-IL--------.N-.K-.N-----------------------
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CONSENSUS-B
SF2
SF2B13
LAI
HXB2R
NY5CG
NL43
JRCSF
JRFL
ALA1
JH32
BALl
YU2
BRVA
9lUS005.11
91US006.10
BZ167A
MA208
ETR
BA1A
MNQZ4589
CAM1
ADA
JFL
SIMI84
BCSG3C
031
SF162
on
SFD
CDC42
HAN
dakaydtEvHNvW.athAcvPTdPnPqevvl??nVTEnFnmWkNnmVeQMhEdiisLWd.qslKPCVklt
--R----------.-----------------G.-----------------Q--------.----------
--R----------.-----------------G.-----------------Q--------.----------
-------------.-----------------V.-----------O--------------.----------
-------------.-----------------V.-----------O--------------.----------
-------------.-----------------0.--------------------------.----------
-------------.-----------------V.-----------O--------------.----------
-------------.-----------------E.----O------------O--V-N---.----------
-------------.-----------------E.----H------------O--------.----------
-------------.--------------I--E.--------------------------.----------
-------------.-----------------E.----K---------------------.----------
-R-----------.---------------E-K.--------------------------.----------
-------------.---------------K-E.--------------------------.----------
--------I----.--------------L-MG.-----------D--------------.----------
-------------.---------------E-K.---------~---------------N.EA--------
-------------.-----------------E.----S---------D-----------.----------
---T---------.--------------IE-V·-----------------O--------.----------
------K-A----.--------------LP-E.S-------------------------.E---------
--------A----.-----------------V.-------------------N------.----------
-------------.---------------E-E.--------------------------.----------
-------------.--O------------E-V.--------------------------.----------
--------K----.----------S------G.--------------------------.----------
-------------.-----------------E.--------------------------.----------
-------------.-----------------E.--------------------------.----------
-------------.---------------K-E.-----------D--------------.----------
-------------.----------S---I--E.--------------K-----------.----------
-------------.-----I--------I--E.----D------------O--------.----------
------K------.----------D------E.----D---------------------.----------
-------------.--------------I--E.--------------------------.----------
--R--A-------.-----------------G.------D----------O--------.----------
-------------.-----------------G.--------------D------V----.----------
--------A----.--------N--------E.--------------------------.----------
-------------.----------------MG.-----------D-----O--------.----------
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122
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* *
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ENWA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711.14
9lUS712.4
92US714.1
92US715.6
92US716.6
92HT593.1
·92HT594.10
92HT596.4
92HT599.24
91HT651.11
RJS
GUN
SC
92BR014.1
92TH026.6
92BR021. 6
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ACP1
JM
WM
P896
49L1R
VEl
VE2
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VE4
VE5
VE6
VE7
VE8
68A
RJSP3
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26807
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91HT652.11
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WEAU160
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dakaydtEvHNVW.athAcvPTdPnPqevvl??nVTEnFnmWkNnmVeQMhEdiisLWd.qslKPCVk1t
-------------.-----------------E.--------------------------.----------
E----K-------.-K-------------L-E.--------------------------.----------
-----S--A----.---------------I-G.--------------------------.----------
-------------.----------S----A-V.-------I-T--I-------------.----------
-----KA------.----------~---I--E.--------------------------.----------
-------------.-----------------G.--------------------------.----------
-------------.-----------------E.---------E-----------S----.----------
-----------I-.-----------------E.--------------------------.----------
-------~-----.-----------------E.--------------------------.----------
-------------.----------D----E-E.--------------------------.----------
-------------.-----------------E.----D---------------------.----------
-----E-------.---------------L-E.-----------------Q--------.----------
------R------.-----------------E.--------------D-----------.----------
------R------.-----------------G.--------------------------.---------A
------A-A---~.-----------------K.---------D----D--N--------.-------TI-
-----H-------.--------------ME-K.--------------------------.----------
-------------.---------------K-K.--------------------------.----------
-------------.--------N--------E.-----------S--------------.E---------
-----------I-.-----------------G.--------------------------.----------
---S---------.----R------------GK-----------D--------------.----------
-------------.-----------------G.---------E-------Q--------.----------
--------M----.D----------------E.----D------------y--------.----------
-----A-------.----------S----L-E.--------------------------.----------
---T---------.------------R--T-E.--------------D-----------.----------
-------------.------------H-IP-I.--------------------------.----------
--------R----.-----------------G.----------------------N---.----------
-------------.------------~---~G.--------------D-----------.E---------
-------------.-----------------G.--------------------------.----------
-------------.--------------IK-E.----y---------D-----------.----------
-------------.-----------------E.-----------P--------------.----------
-------------.--------------IF-G.----y---------------------.----------
-------------.--------------IL-E.-----------D--------------.----------
-----S-------.-----------------T.-----------D--------V-N---.E---------
-------------.----R-------H--N-V.----K----E----D-----------.----------
-----G--K----.-----------------G.--------------------------.----------
-------------.-----------------G.--------------------------.----------
x----Q--
-------------.--------------IA-E.----D---------------V-----.---------P
------K------.----------D-K-LP-E.--------------------------.----------
-------------.----------S------E.--------------------------.----------
-----KA-A----.---------------N-T.--------------------------.-R--------
-----S-----I-.-----------------E.----y----E----------------.----------
-----K--M----.--------------I--E.----E---------------------.----------
-------------.-----------------G.--------------------------.----------
-------------.---------------R-E.-------A---D--------------.----------
-----A-------.--------------I--G.--------------------------.----------
-------------.-------------K---K,--------------------------.----------
-------------.-----------------G.----D---------------------.----------
-------------.----------S------G.--------------------------.----------
--------G----.-----------------E.--------------Q-----------.----------
-------------.-----------------G.----y---------D-----------.----------
----S--------.---------------A-E.----D-D---------------N---.----------
----HG-------.--------------I--E.----y-D----------Q--V-----.----------
-------------.-----------------E.--------------------------.----------
--R----------.----------S---IH-V.-------------------G-----G.----------
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122
122
120
120
120
120
120
120
119
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120
120
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119
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94
94
94
94
94
94
94
120
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122
122
94
94
93
94
94
94
94
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122
122
122
122
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SF2
SF2B13
LAI
HXB2R
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JRFL
ALA1
JH32
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YU2
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91US005.11
91US006.10
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MA208
ETR
BA1A
MN
QZ4589
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ADA
JFL
SIMI84
BCSG3C
D31
SFl62
OYI
SF33
CDC42
HAN
'* ..... ,..
P1CVtLnc.td??????????????????????n?t???????n??????????????????.????m
--------.--LG.•••.••••••••• , ••••• KA-NT ••••. -SS •••••.•..• NWKE ........• E
________ • --LG ••.••••••••••••••••• KA-T •••••• -SN ••.•••••.•NWKE ..•...... E
----S-K-. --LG ...•.••NATNT .••••••• -SSNT ••••• -SS .••.•..••• SGEMM •••..••. -
- - --S-K-. --LK ••....•.•..•.••••••• -D-NT ••••• -SS •.••••.... SGRMI ..•.•••. -
--------. --LT •.••.•..••.•.••••••. -A-YA •.••• -GS ••••..•.• S•••••••.••••• E
----S-K-. --LK •.••..••.•••••.•••.• -D-NT .•••• -SS •••••••••• SGRMI •.•..••• -
--------. K-V ••••..•••..•••••••••. -A- •.••••• -TT •..••••• SSSEGM •••••...• -
- ------- .K-V ••••.•••••.•••••••..• -A- ••••.•• -TT ••.••..• NDSEGT ••••••..• -
- -----H-. I -YL .••••••.•••.•••.•••. -A- ••.•••• -TT ••..••.• SSNGTK•..•...•• -
--------. I-WG •..•••.NDTSP ••.••••. -A- .•••••• -TT •••.••.• SSGGEK•.•.••.•. -
- - ------. --LR ••..••.NATNG ••..•••• -D- ••..•.• -TT ••••...• SSSRGM•....••.• V
--------. --LR •.•....••••••••••••. -A- .•••••• -TT ••.••••. SSSWET ••••..... -
------ --. H-F •..•••.••...••••.•.•• -A- .••••.• -AT •••••••. SNSGKM••....... -
-- --- ---. --WSK ••••..•••..••••••.. -D-SG •.•••<-TTNTN •••.• NSSGQI •••.•••.. -
-1------. -H •••...••.NVTAT .....••. -G- .••••••••.•••..•.•••.•• II •.••..••N
--------. --YT ••...••NTT ••.••••••. -T- ..••••• -TSSTV ••.•••• SGEK •••••••.• -
-- ------. --ATIR ....••.•.•..•••TNT-T- ..••••• -TNSS ••••••..• GEV.•••••••. K
-- ----H-. --LR ••..••••••••••.••••• -T-N.....• -NSSI .••••.•..•••••..•. EEK-
-- ------. --LR •...•••NATNG ••.•.••. -D- •••••.. -TTSSS ..•••••••.••....• REM-
-- -- - - - -. --LR ..•••.•NTTNT .••.••• N-S-AN.•.•• -NS ••..••••NSEGT ••..••••.• I
- - ------. --. KLR ••••• NNISS ••.•.•••.•••••..••••••••..•.•••• GEK•••....•• -
- - - - - - 1-. -NY •.......••....••••••. -N-RT ••.•• -SSD ..•••..WDRREGE K-
--------. --LR....••.•..•..•.•..•. -V-NI .•••. -NS .•...•.... SEGMR .
---- ---- . INLK .....•......••..•.•. -V-NI .•••. -NS ••••.•..... WGK -
-- - - - --- . -NWKSA..•....•••.•.•.... -S-SNT •... -SSL ••..•..•.••...•..•.... E
- - -- -- - -. --ELK ..••..•.•••••••.•.. -A- •••.••• -TTSTN •..• TPSGSWKK ..•••... -
--------. --LK •....•••••.•..•••••. -A-NTN ••.. -SS •••..•..• WTMTGE ••..•... -
------H-. -NLK .....•..•..•.•...•.. -A- ••••... -TK •••..••.• SSNWKE••...•.. -
----- -D-. --V .....••.NTTSS .•..• SLR-A- .•.••.. -TT .••....• SSSWET ••.•.•... -
-------- . --YLG ....•.•••.•.••..••. -A-NT ..••. -NS .....•.•.. SGGT .•....•.. V
- - -- - - -- . --LNTN ..•.......•••.•••• -T- .•..... -TTELS ...• I IVVWEQ.•......• R
------K-.--YN........•......•.... -A- ......• -SS ....•. , ...• WGR •...••... -
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92US714.1
92US715.6
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92HT594.10
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GUN
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WEAUl60
SALl
CB1
CB2
CB3
CB4
CB5
CB6
CB7
CB8
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* ..... *,..
PICVtLnc.td??????????????????????n?t???????n??????????????????.????m
------H-. --LK •••••••••••••••.•••• -A-NT •••••••••••• TSSNTNSSS ••••••• WGM-
--------. --ANL .•••••.•••.•••••.•. -G- ••••••• -VTSS •.••••• SGGTM ••••••••• -
--------. I-K••.•.•.•.••••••••••.• -I-OWl< •••• -TTl •••••••••.•..••.•.•••• I
--------. -NLR ••••••.•••••.•.••.•• -D- •••••••••••••••••.•••••••••••••..•
--------. I-L•••••••• NNSTN••.••.•• -NN••••••• SSG •••••••. VKTG •••••••...• I
--------. --LR •••••••.•••••••••••• -A-NT ••••• SST ••••••••••••.....•••.•• -
--------. --KL .•.••••.•••••••••••• INATYSN ••• ISL•••••••••••• EG ••••.•..• E
--------. --LS •••••••••••••••••••• -A-NTN •••• ATTTT •••••• NSSAGMM•.•••.•• -
------H-. - .••..• DNLTNPTS •••••••••••••••••••••••••••••• NVTSE••••••• MR ••
--------. -NLR •.•••.••••••••••••.• -D-NTT •••• RNATN ••••• TTSSETM ••••••..• -
------K-. --LG .••...•••••.•••••••• -A- ••••••• -TT •••••••• SS .GRM ••.•.•..• -
------E-.H-VNVNGTA•• NNGTT •••••••• -V-ESGV ••• -SSDVTSNNVTNSNWGT ••..••••. -
--------. --VE ..•...•••.•••••••••• -S-NA ••••• TNS •••••••••• SGGI ••.••..•• I
--------. --VK •••••••••.•••••••••• -S-NV ••••• TNS •••••••••• SGGI ••.•••.•• I
------H-. --AR'••••••••.•••.••••••• -S-NV ••••• TIE ••••••••••• VEK ...•••.••V
--------. -ME•.•••••••••.•.•••••• RNDTG ••••• SSN ••••••••••• SSG ••••••••• I
--------. -NWK •••••••••• , ••••••••• -D-DT ••••• -TTN ••••••• SSSGEK ••••••.•• -
-- ------. -NLV •••.•••.•••••••.•••• -A-YS ••••• -SS •••••••••••WEK ••••••.•. -
--------. -NLR ••.•••• NDTST •••••••• -A- ••••••• -TT •••••••• SSNRGK ••••••.•• -
--------. --V •••••••••••••.••••••. -V-NTN•••• -TTST •••••NSSRLEE .•••••.•. -
--------. --LR •••••••••••••••••••• -A- ••••••• -TS •••••••• ST ••••.••..•.•. -
--------. --V •••••••• NTNST.••••••• -T- ••••••• -STN •••••• TTSSWE ••....••••N
--------. --NL ..•••••••••••••••••• -S-NLG •••• -NT ••••••••••••••••••••••• D
--------. --DLR ••••••••.••••••.••• -D••••••••••••••••••••••WEQ .•••••••• -
--------.N-ASR•••••• NVTKR •••••••• -D-NENATDS-NGTAT •••• SGN.KTM ••••••••• -
--------. --CVTS .••••••••••••••••. -C-NLR •••• -VTNTK •••• SSS .KEI •••.••••• -
--------. -NL ••••••••NITK••••••••• -T- •••.••• -PT ••••••• SSS. WGM •••••••.. -
---. -NDLG •..•.. DATNT •••.•••• -SS •••••••••••••••..• SE •• GM ••••••.•• -
--------. --NL ••••••• NVT•••• NPT ••• -T-TTRS •••••••••••••••••••.••.•• PITK-
--------. -NLK ••.••••••••••••••.••••••••••••••••••••••NATDND•••••••••••
------D-. -- .•.••.••••••••••••••WG-A-NT •••••••••••••••• NISSG •••••••• GA-
------ •••••...••••••••.•••••.••••••••••••••••••••.••.••••••••••••••• MP
--------.-- ...•••••••.•••••••.• LS-A-NTNSSVATTT •••••• SGTTNTNSSS •••• EEKI
------1-. --LR•••••....••••.•••••••••••••••• -ATDT •••••• TTN.NTSS •••• WET-
--------.-- ••••••••••••••••••••••••••••••• L-NTNS •••• NSNTNVTESG •••• WAK-
----S---. --VSTDGRDE •••••.•••••• GN-A-NATT ••••••••••••••••••••••••••••• -
--------. -- ••••••••••••••••••• YVW-T-STN •••• -ST •••••••••••••••••••• TGNS
------D-. --V ..••••••••••••••••••• -V-DT ••••• -ST .••••• TNATIGS ••••••• WEK-
------H-.-- .•..•••••..•••• CNATNIN-S-SSSSCNT-NT •••••••• STNNS •.••••• SLGN
--------. -- ••.••.••••••.. LVNATNTG-A-NT ••••••••••••••••• TSSS ••••••• WEKL
--------. -- ..•..••••••••••••••FSR-D-NT ••••••••••••••••• NNSS ••••••• GEK-
--------. -N •••••••••••.•••..•••WK-V- ••••••••••••.•••• YTNSSS ••••••• GEN-
--------.--KLTGSTNGTNSTSGT.NSTSGT-S-ST••.•. -ST •••..•••••• DS ••••••• WEK-
--------.ANLTL••••.. NCTKR •••••••• -G-HT ••••• -CT ••••••• NLGNDANT .•••• TISS
--------. -N ••••.••••.•••••••••••V-A- •••••• K-AT .••••••• TYTNNSS .•••• KEI-
--------. --LK •••••••.••• NNGTMSN.N-T-NAT•••••••••••••••••••••••••••• SSS
--------.-- .•••••.. YNNTDTATSATS.S-G-MGA •.•••••••••••••• TSSSG ••••• EMLE
--------. -- .••••••••...•.• YNNTNP. -A-NT ••••••••••.••••• TNATSSI ••••• EGEI
----- -- - . -- ••.•...•.•••••• TNSMN •. -T-NTNSSI •••••.•..•••••••••••...• EETI
--- - - ---. -- ..••••..••.•.•••••. YVG-T-NT ..•.. -TT •••..••••..••• N•..•. STTS
-------- .--LR .•••••.••.•.•••••••••.••..•••• -AT •..•••••NTSST •••••••••• -
---- ----. -NVK .••••••.....••••••••.••.•••..• -NGT ••.•••• NITR. GM •••••••• -
------D-. D-V ••••..•••••NTT ..•••..•••••..••• -STTTT .•• '•• SNGW •••••••• TGEI
--- - ---- . --FG •••.••...•NAT ••..•••••••.••••• -TTSSS .•.••••••••••••••GVII
------D-. --YVG ....••NATNTTS •••••••••.•.•.• T-NTA ••.••.• SGSW •••••..••GA-
- --- - ---. -NV .••.••.•NVTNLK .••••.• -E-NT ••••• -SS •••..••••. SG ••.••••• GEK-
- ---S---. - - ....••••....••••••••WK-D-NT ••••• -TT ••..••••. TNTNIT •••.• EGTL
- - - - - - H- •FNVSKNYTKY ..•••••••.•••••••••••••••••••...•••... TNSS ••••• WGKI
---- - --- • - -LE ••...•....•.•••••••. -G-NVT ••....•.•...•••••••NSS ••.•• WGTI
- --- --- -. -- ..•..•......••..••••WK-D-NT •••••••.••....•...NSGSY ••••• GEPI
--------. -- .•.•••.••••.•• YCNATDCR-D-NTTSK •••••...•....•• TTSNG .•••• WER-
--------. -- •.•...•...•••..••WTNP. -A-NT •...••••..••.••••.. TSNN ••••• EGTI
--------. -- ..••.•.•.•..•••• YATNTT-T-SNSGGT.•.••••..••••.•.••.•••••••. V
--------.-- •••••. NL ••.•.. GNCTDNSG-V-AGNC ••• TDR •... LKNDNNVTNSW ••••• ERPA
- ----- -- . -- ..••.•.•••••••.•••• YVG-A-NTNSS .•••••.•••.••..•..••.••• RGEK-
- ---- - --. - - .........•..•..••.•DLK-D- •••.• RG-DT •..•.•...•••..•••.. IGEM-
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e??ge?????ikncsfnittsirdkvqkeyalfykldvvpid??????????????????n?????????
IK.-- ---------------I---N---RN------- NASTTT -YT N
IK.-- ------Y--------I---N---RN------- NASTTT -YT N
-K.-- --------S----G-------F-----II--- -DT TS
-K. -- --- -----S----G-------F-----II --- -DT TS
-R.-- -R-----V--I--N-I--------R--I----KD -TS .
-K.-- --------S------------F-----I---- -TS .
-R.-- ---------K----------------------NK -NT K
-R.-- --------------E-----------------N -NT S
-R.-- ---------------M---S---H--------N -NT S
-K.-- M------------------H-----H-----N NSTKDNIKND.-ST R
GG.-- M---------N--G-------------IA--- -NS NNR
-K.-- ------------------------N------- -AS .
-G.-- M--------------M-----------I----NDKT -T R
-K.-- ------K-------------------------RD -TS .
GR. - - L-- - ---- -S---N-MK---- ---S--II - --DDS NTT DS-TT .
DR.-- ----------N--N-M-RT---------E---KNK -TT R
-R.E- ----------N-K-RM--A--T-----I---G NDSTS.NNNTS-NYT S
K.. - - - - - - ---V- -N--- ---- ------------ --NO -NS TNTC
GG. -- M-----K---N--G----------E--I---- NNS -NR .
KG.-- M--------------M------L----I-S-- -DS TS
-I.-- ---------SG--N-M-----------II---DD NNR -NSSNNTVRN
K.. -- -------V-----N--R---------------KA -TS .
... - - - - -- - -- - - - - -----K-D-- ---R-------ND -TS .
-E. -- -------T----KN-M-R--------------KD -TS .
-K. -- -------V----KN---T----------M--EDD -TS .
-R. - - - - - - ---V LG--K- -A-- -----------NDK -ST K
.K.-- ---------------------H----------ND -TS .
DR.-- ------KV-----N-M----------------ND -TS .
-K. - - L------T- - -----M-EQ---------L---KN DTK .
-K.E- ----------G-------A--Y----------DD NT -TS .
GK.-- MR---------------R----------E---DNK NTT -NT K
-K. - - -Q-- --KV- -N--- - - -- -S-- - --T------N NKTSNRD -TT S
Appendix A - Consensus Residues 134-169
100
169
193
192
195
190
185
188
188
187
188
202
194
186
190
197
195
200
210
197
194
195
195
191
186
187
188
193
190
188
195
191
201
192
CONSENSUS-B
ENVVA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711.14
91US712.4
92US714.1
92US715.6
°92US716.6
92HT593.1
92HT594.10
92HT596.4
92HT599.24
91HT651.11
RJS
GUN
SC
92BR014.1
92TH026.6
92BR021.6
ACH9
ACP1
JM
WM
p896
BWB11A
49L1R
VEl
VE2
VE3
VE4
VE5
VE6
VE7
VE8
68A
RJSP3
US1
US2
US3
US4
B020
17305
24612
26807
27290
274B1
4995
CM237X
91HT652.11
3202A12
3202A21
MANC
WEAU160
SAL1
CB1
CB2
CB3
CB4
CBS
CB6
CB7
CBB
CB9
e??ge?????ikncsfnittsirdkvqkeyalfykldvvpid??????????????????n?????????
-K.-- ----------A-----RR-H------------NDS.•..•......... K-IT S
-N.-- ------QV---R---T--K------------EKG NISPK.. NNTS-NT SYGN
GG.-- V----------R----H--------------KGD N -SS ...•.• R
... S- M-----K--------L-----------I---NND.........•...... -TS ....•..
DK.-- -------T---VK--EK-------N----Q-G .......••......... -DN TS
-G.-- ------------KT--K.D-------------N......•......... D-TS .
IK.-D ----------------K-------S-N-I--G GD-TS .
DR.-- -------V-A-----M-R----------IQ-- •..••............. -TS .
... -- ----------DV---M---------F------NDNTSKNKNSY DNT.SSNYTS
-E. -- -------------------F-----------E ..........•....... -DT TS
-G. -- ---------------M------L-----I--- -DN NS
-K.-- ----------N----M---T-Q-----I---E DQN.KTNNTL
DK.-- -------V----K--TT--H------------ GNN.SSKNGS
-G.-- ---R---V-A--K--TT--H------------ SKNN.SSKNGN
-K.-D --J-------N-KG-I-------S----L--- N-TG.SSNSSR
DK. -- -Q-----V----K---T-QS----R------Q E-ND NSS
-E.-- -------------N-L--G------------- ND-TS .....•.
DR.-- -Q--------RK-N----Q---LNR--I---- .•...........•.... KTS .
-G.-- MT-----------S------------------ -TS .
-K.-G -------V-----N-M---------P------ KT R
-G.-- M-----------ST--.-D------S------ ........•......... -NT IS
MK.E- ------------K---K-N----NR------- -DN TS
IK.-- -----------RGG-M------L-----I--- ....•..NST SN-YT S
-K.-- ------Y---N--N-M--Q----DR-----T- .......•........ DD-TS .
-KYA- ----------NMGG-MK------NT----~V-NSN NN SN-DS .
-K.-- ------Y------N-R-----T-----I---- ....•.. NDKD -TS .
-K. -- ------Y------N--K------NR------ENT -NT K
-I.-- ----------R-------K----------A--GS.....•......•... -TS .
-K.-- M--------------M---H--L-N--L----NANNSQKNNSTNSTK.FW-YRLD .
.... V MT---------L----R--------------EDNK••....•...•.. KT-TS .
-R.-- -----------SGE-M---.----N-----M-KNSST R
HP.P- #---R-V---Y-S-Y-L--HKDST NST #-TT N
AR.E- M------V--N--N-L-R---------IA--AKDNTS .
-K.-- ------KA--N-------A--T--R--L-S--NSS NSN -YS .
-K.-- L------G--ELI--MK--F----R-------ND......•......... -SS ......•
-E.-- M-------S-M--N--K-------S--II---DEN NNTNTS .
T.. R- - -----EVS-TV---T--------N--I---EGKNTS ....•........ -TS .
-K.-- ---------------G--------RH-----N TTK
ME.-- --T------SD-K---R--H---NR--I----K.....• NNSK S
-K.-- ---------KNM----ER------------M-ND..•...•......... -TS .
-K.-- ----------EV---I--Q------------END ND-TS .•.....
-R. -- M------V----KN-------------I----ND -TS .
PE.-- -----------V--------S-----------ND -AS .
... --TIQSDM----------L--R-K-Q-----S--I-QL DNDK DNT TT
-K.E- ----------DL---------------I---ENDR NS-NT S
GG.-- M---------N--N-F-R--------------DD -TS .
KK.-- ----------N---------------------NT -NT .. TNYTS
-K.-- -------V--N---RL-----------I---EDD -TS .
-K. - - •.... M- - -- --V- -N----M--- -------- --K--NKT S
GN.-- M-------S-NL---y--V-------------NNTT -TT N
-G.-- -------------T--.-D-------------N DNT S
- E. - - M- - - - - - - --N--- - LK- -----------Q-GN DT •.••.•...•••...•. NN
RK.-- ------------------------N-------DG NAT TK-KT TRN
-K.-- ------K-N-NMK--A-I--------------NN NTN TSyTS .
R.. -- ----------N-----HM-------------EKK -TSF .
-E.-- M------V--L--N-RKT----------M---HD NTS .
-G.-- V---------N--N--------L-----I--GND -TS .
OK. E- - - - - - -- - - ------ - - E- -- - -N-I-L----NDNT SDK- IT R
- K. - - - - - - - - K- - - -V- - - - - - - - - - - - R- - - - - - EDN - SS .
AK.-- -----------M---------------I--L-DD ND-NTTT K
-K.-- -------T--TV--------------------NTS .
-G. - - - - -- - - - - --N- - - -M- - - - - - - -- -- - ----KDNTS .
-R.-- ----------G----M---H------------ND -TS .
-K.-- -------T--GV--R---------GI-----EKNDT -SSyR S
KE.R- ---------------------------I----NDNTS YNNYTS
-K. -- - - ----- ---N----M--- ----------S--ND -TS .
Appendix A - Consensus Residues 134-169 (con'd)
101
169
196
203
187
176
188
181
186
190
198
192
184
212
190
191
190
186
191
157
191
192
182
194
149
142
170
158
192
62
89
153
160
136
174
167
165
167
163
189
89
193
191
188
208
179
168
163
179
167
162
164
149
184
199
193
195
194
193
73
66
72
74
68
67
91
73
67
• • • •
CONSENSUS-B
SF2
SF2B13
LA1
HXB2R
NY5CG
NL43
JRCSF
JRFL
ALAI
JH32
BALI
YU2
BRVA
91US005.11
9lUS006.l0
BZ167A
MA208
ETR
BAIA
MN
QZ4589
CAMI
ADA
JFL
SIM184
BCSG3C
D3l
SFl62
OY1
SF33
CDC42
HAN
yrliscntsvitQacPkvsFepipihycapagfailkCndkkFnGtgpctnvStvQCthg.1rpvvstql
----H--R--------------------T----------N-T---K--------------.---1-----
----H--R-------------------------------N-T---K--------------.-K-------
-T-T-----------------------------------N-T------------------.---------
-K-T-----------------------------------N-T------------------.---------
-T--N-D-----------------------------------------------------.-K-------
---------------------------------------N-T------------------.---------
---------------------------------------N-T---K-Q-K----------.---------
------D----------1-----------------------T---K---K----------.---------
-1------------------Q-----------------K------K-T-K----------.---------
-----------------1-----------------1------------------------.-K-------
--------------------------------------K------K--------------.---------
------------------T--------------------N--------------------.---------
---M--------------T---------T---------K----------K----------.---------
---R----------------------------------K----------K----------.---------
-------N-------------------------------N-T-------NK--------R.---------
------D---------------------T-----L-----T--------K----------.---------
------D---------------------T-----L----N-T-------K----------.---------
-----------------I--------------------K------K---S----------.---------
-----------------I-------------------------S-K-S-K----------.---------
----N-----------------------T--------------------K----------.---------
-T--H-----------------------T----------------K--------------.---------
----N----T------------------T---------K----------K----------.---------
-T--N----T------------------T----------------K---K----------.-------H-
-T--N-----------------------T--------------------K----------.-K-------
----------T------1--------------------K--------S-K----------.-K-------
----------------------------T-----M---K--R---K-Q-K----------.---------
-K--N----------------------------------------S--------------.---------
F---H----T-------1------M---T-------------------------------.-K-------
----H--S-----T-------------------------N---S-K-Q------------.-K-------
----N--------------------~--T-T---L-------------------------.---------
-M--H--R-------------------------------------K---K----------.---------
Appendix A - Consensus Residues 170-238
238
262
261
264
259
254
257
257
256
257
271
263
255
259
266
264
269
279
266
263
264
264
260
255
256
257
262
259
257
264
260
270
261
102
.. .. .. ..
CONSENSUS-B
ENVVA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711.14
91OS712.4
92US714.1
92US715.6
92US716.6
92HT593.1
-92HT594.10
92HT596.4
92HT599.24
91HT651.11
RJS
GUN
SC
SBA
SBB
SBC
92BR014.1
92TH026.6
92BR021.6
ACH9
ACP1
JM
WM
P896
BWBllA
49L1R
VEl
VE2
VE3
VE4
VE5
VE6
VE7
VE8
68A
RJSP3
US1
US2
US3
US4
8020
17305
24612
26807
27290
27481
4995
CM237X
91HT652.11
3202A12
3202A2l
MANC
WEAU160
SALl
CBl
CB2
CB3
CB4
CB5
CB6
CB7
CBB
CB9
yrliscntsvitQacPkvsFepipihyCapagfailkCndkkFnGtgpctnvStvQCthg.1rpvvstql
F---H------------1----------------M----N-T-s-K--------------.---------
-T--H--S--------------------T--------------------K----------.---------
----N-------------------------------------------------------.---------
---------1----------------------------R----S-N---K----------.-K-------
---T--------------T---------T---y------G--------------------.-K-------
----N-----------------------T-------Q--N--------------------.---------
--MVK-----------R---------F-T----------N-T---K--------------.---------
-------------------------------------------------K----------.------S--
--------------------------------------K----------K----------.---------
----------L---------------F-----------K---------------------.-K-------
-----------------1-----------------------------S------------.---------
----N-----------------------T-----------RN-------K----------.-K-------
-1-------T-----------------------------N-T------------------.---------
-1-------T-----------------------------N-T------------------.---------
-1------T-VK~--------------------------------S---K----------.---A-----
----N---------------------------------R-P--K----------------.-K-------
-T--N-------~--------------------V----K--N------------------.---------
-T--#-----------------------T-----L--------------K-----~----.---------
-T--N------------------------###----N--N--------------------.-------H-
x------
x------
x------
-M--H-----------------------T----V-----N-M------------------.---------
----N-----------------------T------1------------------------.---------
-M--N-------------T---------T------------N-T-K-T-K----------.---------
--------------------------------------K----------K----------.---------
-K--N---------------------------------K----------K----------.---------
-1-T-------------1--------------------R-EQ---K-T------------.---------
--------------------------F------------N-T-S-K--------------.---------
--------------------Q-------V-----M----N-T---S--------------.---------
-------------------------------------------------R----------.---------
.P-V .. --------------G--------------------M-----K-N----------.-K-------
-----------------1-------y----------------------------------.---------
F-------------------------------------REN----K---KO---------.-K-------
F---H----I----------------------------K--T------------------.---------
-A----------------T------------------------------S----------.----A----
... #O-I------------------#--------------T----S--------------.-K-------
----N--S-T------------~---F-T----------E-----S---K----------.-K-------
---R-----L----y-------V----------------------SET-K----------.---------
-M-----S-------------------------------N-T---K--------------.--------P
---------------------------------------N-T---K--------------.---------
-M--N-----------------------T------------------F-K----------.---------
----------V----------------------G----K--------Q-K----------.---------
------------------T-------------------K--T------------------.---------
-T--N-----------------------T-----------E----------------A--.-K-------
----N---------------------------------K----------K----------.---------
---R--------------T---------T--------------------K----------.---------
---------I------------------------L------E-S-K--------------.---------
-----------------I--O-V--Q--T--------------H----WR---A------.-K-------
--------------------O-----------------K----------K----------.-K-------
----------L---------O--L----------------N-------------------.-K-------
-----------------I--O-V-------------------------------------.-K-------
------------------T-D------------------N-T---K--------------.---------
----N-H---------------------P-G-LG-----N--------------------.---------
----N-------------------------------Q-K----------K----------.---------
F---H--S-------------------------T-----N-T-O-K-L------------.---------
--------------------------F-T-----L--------------K----------.---------
.--------T------------------T----------N---O-K-Q------1-----.---------
-T--N-KS-T--------------------- K K ------.---------
-----------------I----------G-------R--NQT------~-----------.-K-------
------------------T------------------------------E----------.---------
----N-------------T---------T------------------S---1--------.---------
----------L------------------------------------E-K-I--------.---------
----------------------------T--------------K-K-E------------.---------
----------------------------------L---K---------------------.---------
---------I----------------F------------------R---K----------.---------
----N-----------------------T--------- ------.---T-VNST
--------------------------------------K----------K-I--------.---------
-----------------r---------------------------K--------------.---------
Appendix A - Consensus Residues 170-238 (con'd)
238
265
272
256
245
257
250
255
259
267
261
253
281
259
260
259
255
260
225
257
7
7
7
261
251
263
218
211
239
227
261
131
155
222
229
205
243
231
234
236
232
258
158
262
260
257
277
248
237
232
248
236
231
233
218
253
268
262
263
263
262
142
135
141
143
137
136
160
142
136
. '''',
103
CONSENSUS-B
SF2
SF2B13
LAI
HXB2R
NY5CG
NL43
JRCSF
JRFL
ALA1
JH32
BALl
YU2
BRVA
91US005.11
91US006.10
BZ167A
MA208
ETR
BA1A
MN
QZ4589
CAM1
ADA
JFL
SIMI84
BCSG3C
D31
SFl62
OYI
SF33
CDC42
HAN
IlNGSlaee.evvirsenftdnaktiivqlnesveinCtRp?nnntr.ks??ihi???gpgr .. afyt.
---------.------D---N-------------A------.-----.-- -Y- ---- .. --H-.
---------.------D-----------------A------.-----.-G --- ---- .. -V--.
---------.------A--------------Q---------.-----.-- -R-QR.---- .. --V-.
---------.------V--------------T---------.-----.-R -R-QR.---- .. --V-.
--------G.----------N-V------------------.-----.-G -A- ... ---- .. TL-A.
---------.D-----A--------------T---------.-----.-- -R-QR.---- .. --V-.
---------.K-----D-----------------K------.S----.-- --- ---- .. ----.
---------.------D---N---------K----------.-----.-- --- ---- .. ----.
---------.------D------------------------.-IYRK.GR --- ---- .. --H-.
---------.--------------------K-P-V------.SKT--.RR --- ---- .. ----.
---------.------A--A----V----------------.-----.-- --- ---- .. ----.
---------.-I--------N-------------V------.-----.-- -N- ---- .. -L--.
---------.----------N-V------------------.-----.-R -TM ---- .. VY--.
---------.-I----A--SN----------A--V------.G----.-- -P- ---- .. ---A.
---------.------K--S--------------V------.-----.-- ..·.-T- ---- .. ----.
---------.G---------------L---K-P--------.--KA-.RR -R- ---- .. T-- ..
-------K-.----------E-H-I-----K-P--------.GH---.-- -PM ---- .. --FA.
---------.G-----------V---------T-K---I--.--K--.-R VTM ---- .. VY--.
---------.---------A---------------------.-----.-- --- ---- .. -L--.
---------. ------------------H-----Q------. -Y-K-. -R ••• --- .•. ---- •. ----.
---------.----------N-----L-------V------.-----.-- --- ---- .. ----.
--------K.----------N---------K-P-------L.-----.-- -A- ---- .. TV-A.
---------.------S-------N-----K----------.-----.-- --- ---- .. ----.
--------G.---------M-----------K-IA------.-----.-- -TL ---- .. ----.
-S----S-G.---------------------K--V------.--SK-.-T L-M --K- .. ---A.
---------.------A--S----------K-A--------.-KK--.-R -TT ---- .. VY--.
---------.------D-------------K----------.--Y-S.-R -R- -AR- .. ----.
---------.G-------------------K----------.-----.-- -T- ---- .. ---A.
---------.--I---S---N---I------K---------.-----.NR -S- ---- .. --H-.
---------.------D---N-----L----V---------.---R-.RR -TS ---K.. VL--.
---------.----------N----------V---------.--H--.-R VTL ---- .. VW--.
--------K.------D-----T-----H------------.-----.-G --- ---- .. -V--.
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296
320
319
324
319
312
317
315
314
315
329
321
313
317
324
322
326
337
324
321
322
322
318
313
314
315
320
317
315
322
318
328
319
104
296
323
330
313
303
315
308
313
317
325
319
311
339
317
318
320
313
319
283
315
65
65
65
320
309
321
276
269
297
285
53
319
189
50
213
280
287
263
301
289
292
294
290
316
216
320
318
315
335
306
295
290
308
294
289
291
276
311
42
326
320
321
321
320
200
193
199
201
195
194
218
200
194
~ .;:..~•... ;~..•
CONSENSUS-B
ENVVA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711.14
9IUS712.4
92US714.1
92US715.6
92US716.6
92HT593.1
92HT594.10
92HT596.4
92HT599.24
91HT651.1l
RJS
GUN
SC
SBA
SBB
SBC
92BR014.1
92TH026.6
92BR02l.6
ACH9
ACP1
JM
WM
CANOA
P896
BWB11A
C1223
49L1R
VEl
VE2
VE3
VE4
VE5
VE6
VE7
VE8
68A
RJSP3
US1
US2
US3
US4
8020
17305
24612
26807
27290
27481
4995
CM237X
91HT652.11
92UG005
3202A12
3202A21
MANC
WEAU160
SAL1
CB1
CB2
CB3
CB4
CB5
CB6
CB7
CB8
CB9
<- V3 neutralization loop
"*" """
llNGSlaee.evvirsenftdnaktiivqlnesveinCtRp?nnntr.ks??ihi???gpgr .. afyt.
---------.D-----D-----------------V------.-----.-G --- ---- .. -V--.
---------.------------V--------A--Q------.-----.-- -TK ---- .. V1-A.
---------.-1----------------H------------.y--V-.R- LS- ---- .. --.R.
---------.--x-----------------K-P--------.--y--.-x -xM ---- .. xx--.
---------.D1------L-N---------KDP-D------.---~-.-- --- ---- .. ---A.
---------.------S------RV----------------.-----.-- --L ---- .. -W--.
---------.----------N---------K-A--------.-----.-- --L ---- .. ---A.
---------.G-----A-LS----1----------M--1--.-----.-- --- ---- .. ----.
---------.---L--A--S----NML-------N-T-1--.-----.R- --M -L-- .. ---A.
---------.------A-LS--------------QM-----.-----.-- --- ---- .. ----.
---------.-1--------N---------K----M-----.-----.-- --- ---- .. ----.
--------A.----------N------1----T--------.----S.-R -S- ---- .. --RA.
---------.-~--------N------1-PK---V------.--S--.-R -S- ---- .. vw--.
---------.-~--------N------1--K---V------.-----.-R -S- ---- .. vw--.
---------.--1--A---SN----------KA-L------.-----.R- V-SGH1-G-- .. TLF-.
---------.--1------------------T-1Q------.-----.-- -N- ---- .. -W-A.
--------G.----------N------------1V------y-TKK1.RH --- ---- .. ---v.
--------G.-1--------N------------1V------.-----.-- -T- -S-- .. --HA.
---------.---L----------------K-A--------.----T.R- --- ---- .. ---A.
---------.------D---N---------K-A--------.-----.R- -N- ---- .. ----.
---------.----------N-----------T--------.----S.-R -S- ---- .. --VA.
---------.------D---N-------------Q---1--.-----.-- -S- ---- .. ----.
---------.---L-----MN--------------------.---1Q.RR1 .. --- ---- .. --HA.
---------.-----yS---N---1----------------.-----.-- -PL ---Q .. -W--.
---------.--------------1-------T--------.-----.-- --M -W-- .. ---A.
---------.----------N--R----------------~.-----.-- -P- ---- .. ----.
---------.----------N---1------K--K---1--.-----.-G -G- ---- .. TV--.
--------K.---V--D---N----------KT-V------.-----.-- --- A--- .. ----.
---------.----------N---------K-P-Q---1--.-----.-G --- ---K .. ----.
----.D---------N---------K---K------.H----.-- --M ---K .. ----.
---------.D1----------------------V------.-----.RR LS- ---- .. ---A.
--------G.-------------R--T-----------1--.-----.-G -NV ---- .. -L--.
-.------Q-----------------V------.-----.-- --M ---S .. -1-A.
---------.------------1-N----------------.G----.G- L-L H--- .. K--Y.
--------K.-11-------N----------D--V------.-----.-- --M ---- .. ---A.
---------.------V--S----1----------------.-----.QG --- ---- .. -1--.
---------.--1-----L---T----1-------------.-----.-G -G- ---- .. V--A.
---------.------Q---N---1----------------.-----.R- --M -F-- .. -L--.
-----Q---.----------N-------------V---1--.-----.-G -Y- ---- .. ----.
---------.-1--------N----------Q-1-------.-----.-R -TM ---- .. VL--.
---------.----------N---------K-A--------.-----.RG --L -L-- .. R---.
---------.------A--S---R-----------------.--Y-A.-R -S- ---- .. --R-.
---------.-1--------N---1------V--D------.---1-.-R --- ---- .. ----.
---------.D1--K----S------------T-K-D-1--.-----.-G --M -W-- .. T--A.
---------.---V--A---N---1---------Q---1--.-----.-- --- ---- .. -1-A.
---------.------V---N--R------R-A--------.S----.-- --- ---- .. ----.
--------K.-------------------------------.-----.-- -P- ---- .. ---A.
--------~.-1-L------------------------1--.-----.-- --- ---- .. ---A.
---------.--M---A-------N---------A------.S--R-.RR VTM ---- .. VW--.
--------K.------------V------V------K-1--.-----.-- --- ---- .. ----.
---------.------Q--SN---1---H-----K-D----.-----.-G --- ---S .. ----.
---------.------Q--S--T--------------~--A.-----.-G -R-GH.1G-- .. S---.
--------K.D-----Q-----T---------T--------.-----.RG --- ---- .. ----.
---------.D-----Q-L-----------K-P--------.-----.-G --M -L-- .. ----.
---------.------D-L-N----------A---------.-----.-G -R- ---- .. ---A.
-------G-.----K-S---G--RV-----D----------.-----.-- --L ---K .. -W--.
---------.-I--------N------------1A-T-1--.-----.-- -P- ---- .. ---A.
xL-N---I---------T------.Y----.-G --- ---- .. -Y--.
---------.------D-----T-----------A------.-----.-G --- ---- .. ---A.
---------.------A--SN-------------A------.-----.-G --- ---K .. ---A.
---------.---L--D-----------H------------.S--S-.-- -Y- ---- .. R-HV.
---------.DI------------N------V-I-------.-----.-K -TL ---- .. VL--.
--------G.--I---A--S--T-S---H-----K------.-----.-- -P- ---- .. Q---.
---------.------A-L-----------K-Y--------.-----.-- -S- ---- .. ----.
---------.---------M--V-------K---K------.-----.-G -N- ---- .. ---A.
---------.-I--------N-V-N--------I-------.H----.-- --M ---G .. -L-A.
---------.------D--S----------KDP--------.----I.-G --- ---- .. ---A.
---------.---------------L----K-P--------.-----.-- -N- ---- .. ----.
---------.------D--------------K-I-------.-----.R- -N- ---- .. ----.
T--------.--------S-N----------K----S----.-----.-G M-- ---- .. ---A.
---------.-I----------V-----HK---I-------.-----.-- --- ---- .. ----.
---------.------D---N-----------A--------.-----.-- --- ---- .. ---A.
'1 'o:/c·,.'Appendix'A;.- ConsensusResidtieS';.239;.;~96(con! d):.~:.",;~,:-·c··';"'·'::: '. 'S;;'·"',;-,.:,.,. '':2... ::,c,~._,::;.:
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CONSENSUS-B
SF2
SF2B13
LAI
HXB2R
NY5CG
NL43
JRCSF
JRFL
ALAI
JH32
BALI
YU2
BRVA
91US005.11
91US006.l0
BZ167A
MA208
ETR
BAIA
MN
QZ4589
CAMI
ADA
JFL
SIMI84
BCSG3C
D3l
SFl62
OYI
SF33
CDC42
HAN
tg?i???ig.dirqahCnisrakWnntLkqi v?kLre??qf.??nkt ??ivfnq?ssgGd
--R- --.---K--------Q-----E-- -K---- .. --.GN--- -----.-----
--R- --.---K----V--TQ-----E-- -K---- .. --.GN--- -----.-----
I-K- -.NM-------------A----- AS---- .. --.GN--- -I-K-.-----
I-K- -.NM------------------- AS---- .. --.GN--- -I-K-.-----
REK- --.--------L------D----- -T--K- .. -- .. R--- -----.-----
I-K- -.NM-------------A----- AS---- .. --.GN--- -I-K-.-----
--E- --.------------Q-------- -E---- .. -- .. N--- ---TH.-----
--E- --.---------------D----- -I---- .. --.E.--- ----H.-----
-RQ- -E.N-------------ED----- -E---- .. -- .. K--- -----.-----
-KQ- A-.-L-------N--R--A----- -G---K.. --.V.--- ----R.-----
--E- --.--------L------D--NK- -I---- .. --.G.--- ---KH.-----
- -E- - -. --------L-KTQ-E---E- - AI --K- .. -- .GN--- -I--P. -----
--Q- --.---R----L--S--E------ -T---V.. -- .. K--- ----R.-----
- -D- --. ----------GKE-QK----V -T---- .. -Y .GE--- -----. PT---
-~Q- --.-----Y--L--TQ-------- -G---- .. --.GN--- -----.P----
--K- V-.-----Y-D----------N-- -T----IE-- .. K--- -----.-----
--D- --.---K--------------E-V -K---- .. --.G.--- -1---.-----
--E- --.------------E--K--E-- AN---K .. --.E.--- -----.-----
--E- --.--------L------D--NK- -I---- .. -- ..G--- ---KH.-----
-KN- --.T--------------D--R-- -S--K- .. -- .. K--- -----.-----
.-E- --.--------L--T---D----- -I---- .. --.GE--- -----.-----
-DR- --.-------~L-ST--------- -T--K- .. --.G.--- -1---.-----
--E- --. -----------T------N-- AT--K- .. -- .GN--- -----. -----
--D- --.--------L--VQ-------- -I---- .. --.G.--- ---K-.-----
--D-GGY ..T-.Y--------------D----- -K--K- .. --.GR--- ---K-.-----
--E- V-.--------L------D--R-- -I---- .. --.E.--- -----.-----
K-K- --.----------G---DS--R-- -K---- .. R-.G.--- -----.-----
--D- --.----------GE--------- -T--QA .. --.G.--- ---K-.-----
-KQ- --. --------L---T-EK--E-- AT---K .. -- .R. --- -A-DR. -----
--E- --.---K-Y---------K--E-V AT---- .. --.G.--- ---K-.-----
--E- L-.N-----------Q-----Q-- ATT--- .. --.G.--- -A---.-----
--R- V-.---L--------R--K--N-- FR----IR--.E.--- ----R.-----
106
342
370
369
373
368
361
366
364
363
364
378
370
363
366
374
372
377
386
373
370
371
371
367
363
363
368
369
366
364
371
367
377
370
-. ' ..::":_~ -
342
372
379
362
352
364
357
362
366
374
368
360
387
366
367
369
361
368
332
364
114
115
114
368
358
369
325
319
346
334
101
368
238
100
262
330
336
311
350
338
342
341
339
365
266
369
367
364
385
358
344
340
357
344
338
342
325
361
90
375
369
370
372
368
249
242
248
251
244
243
267
249
243
V3 neutralization loop -> C04
*AAA AAA AAA AA A I
tg?i???ig.dirqahCnisrakWnntLkqi v?kLre??qf.??nkt ??ivfnq?ssgGd
--R- --.--------L-----E------ -T---- .. -- .. R--- ----_. _
--Q- --.---K----L---Q-------V -T---- .. --.D.--- ---TS.-----
-RE- --.I-------------------- -E---- .. -- ..K--- ----H.-----
--E- --. ---R··-----ST------G-- -K--K- .. -- .. N-N- ---xE. -----
==g=:::::==:========~=~;~==~==~~=::::;~====::==:~:===::::=~=~:::====
--E- --.-------TLNKT---EA---- -M---G .. --.G.--- -I--K.-----
--O- --.---K----------------- AI--K- .. --.E.--- -----.-----
--O- --.-----------T---E--QR- -K--G- .. -- ... --- P-----.-----
--E- --.--------L--T---E---R- -I---- .. -y.E.--- -----.-----
--Q- --.--------L---S-----EN- TI---- .. --.G.--- ---KP.-----
-.K- --.N-----------T--S---K- -A---- .. --.G.--- ---QP.-----
--Q- --.7--K----L-STQ--0--G-- -E---A.. --.G.--- -R---.P-E--
--Q- --.N--K----L-STA-----G-- ...• -E---A.. --.G.--- -R---.P----
-.H- V-.---K----L-I-Q-----R-V...•AK---- .. -L.GO-R- -I-K-.-----
-.N- --.--------L-G-E--KA---L -T---- .. --.G.--- ----S.-----
--G- M-. --------L---E-ES----V AT---- .. -- .G. --- ---K-. -----
IEK- --.N---------KEN-------- -T---- .. --.G.--- ----K.-----
--0- --.--------------------- -I---O.. --.E.--- -I--R.-----
--0- --.--------L--T--------R GE---- .. --.K.--- -----.-----
ARE- --. ---K--··---IT------RL- -S--Q- .. -- .GK--- ----H. -----
--E- --.--------L---N-A----K- -E---- .. --.K.--- -----.-----
--G- K-.N--.py-TLOSK--------- -T---- .. K-.G.--- --SR-.A----
--Q- --.N-------L-ST------R-- TE---- .. --.G.--- -----.-----
--E- --.N-------L-I---S------ ER--KA.. -- -N- ----H.-----
--O- --.--------L---A-------- -T---- .. --.G.--- -----.-----
AEK- --.-----------TE--V--Q-- -K---O.. --.GN--- -----.-----
--0- --.---K------KEN-y-----V AE--G- .. --.K.-R- ----H.-----
--E- --.N----------VT-------V -K---- .. --.K.--- ---K-.-----
--G- --.--------L---E--K--E-- -I---K.. --.G.--- -----~----~
RRN- --.------------------Q-- -I---- .. K-.R.--- -A---.-----
--O- --.---------------K--Q-- -T---- .. --.V.--- ....•. ----K.-----
--E- --. ---K-Y----G---------- -G---- .. -- .GN--- ----H. -----
SRG- --. -··SE---A-NITQ-----NLV -O---N .. -- ..R--- -A-T-. -A---
--E- --.-----Y-O---T--K---M-- AK---- .. --.GN-T- -----.-----
--RT --.----------K---K-----V AK---- .. -- ..G--- ----R.-----
--G- --. -----------V------G-- ..• . AK---- .. -- ..G--- .•..•. ----- .. ----
N-E- -- .N---------GT--------V -K---- .. -- ..G--- -----. -----
-EK- --.N--K-Y-TLNKTI-----EK- -N---- .. -- ..V--- -I--P.-----
--Q- --.--KK-Y---------O--RKV AI---- .. --.GE--- -I-KP.-----
-01- -.-T--------T---------V -ER--- .. -- --- --VFH.-----
K-R- --.-------T-NK----E--GK- -T---- .. -- .. R--- -----.-----
--Q- --.N---------KTR-----N-- AK---- .. K- ..G--- -----.-----
--R- --.--------L-KVA--R--ER- AI---N .. -- ... -yN NOKN---.-----
--G- --.---TI-y-----T--------- TK--Q- .. --.G.K-- ---K-.-----
--N- --. -···--------G--------- -S---- .. -- .G. --- -----. -----
- -0- - - . - --. -- --V-K----S--E-- -K--G- .. --.G. -N- -----. - ----
- -0- - - . - -- --- -Y- -K-N-T-- -E-- -E---- .. -- .GN-- - - I --S. -----
--E- --.---K----L---D--K--W-- -K----QL-L.E.--- -----S-----
--Q- --. ----------EE--K---QRV AK---K .. K-.E.--- -A-T-. p----
--G- V-.-----------T------E-- AK--K- .. --.GN--- ----S.-----
--K- --. --KK-Y-O------------- -K--KV . . -Y .E. --- -M-Q-. P---E
--Q- --.---K-Y------------E-- -K--G- .. -Y.GR--- -I-K-.-----
--Q- --.----------G-------R-- AK---A .. --.G.--- -1---.-----
--R- --.-----------E--H------ -E----QEP- .. K--- -1---.-----
--P- --. --------L-ST--T------ TE---- .. -- .G.--- -----. -----
--0- --. --------L-I-N-TO--NR- AT---- .. KY .GH--- ---KP.HA---
-NIV -. N- - --- - -V- K-- - - -- -Q-V AK- --D.. LL .. NKT- -T-RP. - ----
ARK- --.--------L---O-------- -1---- .. H-.G.--- -K---.-----
--Q- --.--------L------------ -S---K .. --.G.--- ---S-.PL---
-RAV T-. ----------K---EK----- -E---- .. K- ..G--- -1---. -----
--E- --. ---R----L--TS-------- -E----IK-- .. K--- ---K-. -----
--Q- --.--------L---O--K----V AI---- .. -- E-- ----R.-----
--E- --. ----------GT------S-- -T---- .. E- .. K--- -1---. -----
- - E- V - . - - - - - - - - L- S- E- - DA-N-T -T- - - - .. H- .. K- - - - - -QP. - - - --
--R- -- .N-----------------EK- -R---- .. K- .G. --- -N-T-. -----
--0- V-. - ----------T---K--H-- AT---- .. -- .. K-I- T-S---. -----
--Q- --.------------------G-- -K---- .. -- .. R--- -----.-----
--0- --.---R----L--T---D----- AN---- .. -- .. NAT- ----H.-----
--0- --.---K-Y---------O----- AT---- .. -- .. N-N- -I-RP.-----
--QV --. --------L-E---------- AI---- .. -- . .V--- ----K. -----
--G- --. -------VLDK---------- -R---- .. -- .. Q--- ----- .-----
. App~pd,ixA:-p~nsensusResidues2~7:..~~_~{con'd)
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CONSENSUS-B
ENVVA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711014
91US712.4
92US714.1
92US715.6
92US716.6
92HT593.1
92HT594.10
92HT596.4
92HT599.24
91HT651.11
RJS
GUN
SC
SBA
SBB
SBC
92BR014.1
92TH026.6
nBR02l.6
ACH9
ACP1
JM
WM
CANOA
P896
BWB11A
CI223
49L1R
VEl
VE2
VE3
VE4
VE5
VE6
VE7
VE8
68A
RJSP3
US1
US2
US3
US4
8020
17305
24612
26807
27290
27481
4995
CM237X
91HT652.11
92UG005
3202A12
3202A21
MANC
WEAU160
SAL1
CB1
CB2
CB3
CB4
CBS
CB6
CB7
CBe
CB9
.', .... -- -
107
CONSENSUS-B
SF2
SF2B13
LAI
HXB2R
NY5CG
NL43
JRCSF
JRFL
ALA1
JH32
BALl
YU2
BRVA
91US005.11
91US006.10
BZ167A
MA208
ETR
BA1A
MN
QZ4589
CAM1
ADA
JFL
SIMI84
BCSG3C
031
SFl62
OYI
SF33
CDC42
HAN
* ."',..,..
peivrnhsfncggef.fycnttqLf.nstw???????????n?t??????????n?t?????????????i
----------R---.---------.-N--RL -H- EG -K GNDT-
----------R---.-----A---.----NP -N- EG -N- , DP-
----T---------.----S----.----.F -S-W.STEGS -N-E GSDT-
----T---------.----S----.----.F -S-W.STEGS -N-E GSDT-
--------------.---K-----.----LF -S-W -D-E RSDNNET-
----T---------.----S----.----.F -S-W.STEGS -N-E GSDT-
--------------.----S----.---- -D- EKS SG-E GNDT-
--------------.----S----.----N -N- EGS -N-E GN.T-
----T---------.----S----.---- -S-.EGPKGS -N-E E.. N-
--------------.----S----.----LS -S-WNDTEGS -N-G GNDT-
----T---------.----S----.---- -V- EES -N-V ENNT-
-- - -T----- --- - . ----S---- -- -D- RKL -N-G RN-
------------- -. -F----- --. ----YR -T-G -I -E GNSP-
------T-------.-F----K--.----NKy -E- N-T-y AKG.EN-
---E----------.---------.----PF -S-W -D-N TEGNNT-
----------R---.----S----.----NLS -D-A G-D-A GNDTL
--------------.---------.----TWN -G- GES .. N-V-G TEGNST-
------N-------.---DSS---.---.HLS -G-WW -G-G P.EN-
----T---------. ----S----. ---- ..•........ -V- EES -N-V ENNT-
--------------.-----SP--.----NG -N-W N-T-G SNNN-
--------------.----S----.----NANGNG -G- GGS NDNDT-
--------------.---------.-T--LF -G-W -D-E GLNNT.ERN-
--------------.----S----.----NF -G-W -L-QS NGTEGNDT-
------T-------.----S----.----LS -G-W -D-E ESKDT.REP-
--------------.----S-K--.---- -D- STW .. -D- TGSN.KGN-
--------------.---KS----.----AG -N-W -SSA .. ERSDDTG.GN-
----T---------.----SA---.---- -D- KES .. -N- NGT-
--------------. ----S----. ---- -N- IGP .. -N- NGT-
--------------. -----5--- .---- •••........ -D- TRA •. -S- ..••••.••. EVT-
----------R---. ------K--. ----NE -S-W -A- GNDT-
---- -- -- - - - - - - . -- - -S- -- - . --A- -V- SNGTW .. SV-R KQKDT# #DI-
--------------.----5-K--.---- -N- STWND NGNDT-
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108
374
411
409
419
414
406
412
406
405
407
426
412
401
408
418
416
421
434
415
412
414
416
413
410
409
412
416
406
404
411
408
424
411
'..' : - ~,,-'
CONSENSUS-B
ENWA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711014
91US712.4
92US714.1
92US715.6
92US716.6
92HT593.1
92HT594.10
92HT596.4
92HT599.24
91HT651.11
RJS
GUN
SC
SBA
SBB
SBC
92BR014 .1
92TH026.6
92BR021. 6
ACH9
ACP1
JM
WM
CANOA
P896
BWBllA
CI223
49L1R
VEl
VE2
VE3
VE4
VE5
VE6
VE7
VE8
68A
RJSP3
US1
US2
US3
US4
8020
17305
24612
26807
27290
27481
4995
CM237X
91HT652.11
92UG005
3202A12
3202A21
MANC
WEAU160
SAL1
CB1
CB2
CB3
CB4
CB5
CB6
CB7
CB8
CB9
I CD4 * *~~~
peivmhsfnCggef.fyCnttqLf.nstw???????????n?t??????????n?t?????????????i
______________ . .----yA -D-E GS .. -D- KAN-
----L---------.---------.---- -S- EGS .. -N-G GNDT-
----T---------.----S----.---- -G-D.IKGDNK.. -S- ........•... L-
--~-----I-W---.-x----K--.---- ...•.•..... -S- •.••. EGN •. DDGE ERN-
----F---------.---------.----T -N- ..•• EGTS .. -T- GNDT-
______________ . .---- -D- STW.N-N- GNGT-
___EQ . . TTL .•...•.. -N- GKS •. -S-A...•......GN-
---MTLM-------.----S----.---- ....•.•.... -S- QLV ..• -D-G GN-
____R . D__K--.----VR D-N-.NTWNMTKGL-S-D NTTDP-
-----L--------.----S-K--.---- -G- .••. ESN -TGD DP-
-----L-L------.----S----.---- ......•...• YNN GTN STEG NNTI-
______________ . .---- ....•..•... -S- •.•. EES -S-E EGT-
----L---------. -----SK--. ---- -D- ...• KRS .•.. NID GT-
----L---------.-----SK--.---- -D- KRS ..• SD1D GI-
----T---T-----.-----SK--.---- ....•...... EFN...• STW... -G-EGLDETNNGTGGN-
L-------------.------K--.----NST.......• EES .••••••... KYNE ......•. SNITL
----T---------. ----S----. ----MS , . -S-G..•...... -D- .......•. TGLN-
______ T . . LV -G-W........• -N-K RSNDT-
______________ .----s----. S--- '.•..... -G- EGS .. -N- GGNDT-
______________ . K__ . TW....•.... -S-W -G- .•..... EGNNTN-
----T-T-------.------K--.----ND........• SS-W -V.ERSS .. KAEEND1L
------N-------.----S----.----yS -N-W -G- .•.......GGEN-
______T . . __ A_ML •......•. -G-W...• TGS .. -N- ••..•...... KN-
Q-----------K-.-----S---.----NN..•...... -G-W -G- ....•..•TGyST-
----------A---.---------.D-K-.LNDT..WL.. -A- DQP .. -NN •••.•••..... T-
______T . S_K__ .---- .....•..•.. -V- ...•. EET .. -SNEGD... STIGNDT-
--------------.---K-R--y.----SD -S-W•....•..• -D- ........•GGDN-
____ R__ II II_II. DS .D---QLNKSDGNW •• -S-SSIW -N- EGN1TGD-
______________ ._F__A . __ 1_ ........•.. -G- .. NGTEGS .. -N- ...•......GDS-
----T---------.----S----.---- -D- ...•. EVS .. -N- RGNDT-
______________ . A . •.......... -V- .....GGT •. -G- ...•.... EGNDI-
L . S . -N-GEFNNIEG.. -N- •.........GKN-
_____ -T-------. ----SS---. ----YT -G- •..NNIER .. -D- ...•......... L
----Ly--------.-----SK--.----NVNG TW.. -G- .....• EG ANET
----T---------.----S----.----yANGTS.TW.. -D-STN GS AGGN-
L--E------R---.---------.----STTQLF..... -N-G ..................•NSTNGT-
--------------.------H--.--A- ......•.... -N-E•.... GS .. KD- .•...•..GEDAN-
L--TT---------.-F-S-A---.-T--HSNNTW -G-E GS .. -S- ERI-
---E----------.----S----.----D1 -N-WT GS .. -N- .........•GEN-
----T---------.------K--.----DTTQLA -S-W........• -S-EGS NKTNDT-
--------------.---S-A---.---- MILyIlS1yTED.. -S- L11EEN-
--------------.----SS---.---- -S-G.EDA1GP .. -AN , .. GEN-
--------------.------G--.---- -G-EE1VTERS .. -R-GE NDTL
--------------.---D--H--.--A-T -ESRTG RVKC- ENT
--V-----------.------N--.---- -G-EE FDS-L SDAEN-
-- -- - ----- ----. - - --S----. ----GA -D- WTESII IINNET-
--------------.----S----.----VNH -G-W -S-WSSNNNT.DNNGT-
----F- - -- - - ---. - --- -S---. ---- - I-E EV-K-K ENDT-
----LNT-------.------K--.D---NV TERP-NV TGM QKEN-
---A-P------K-.---------.-N--NGTDWT.yKWS-S- EKN-
- - -- - - -- --R-- - . - - - -- -K-- . ---- GV-G-VE EGNDN-
-VG- - - I - - -R-- -. - - -- -----. ---- GV-D-E EL-K- DT-
--V---I-------.-----S---.---- KM-D-G GV-D-EGLQ GNET-
--V-------R---.------K--.---- -S-G EM-S-EESK ENDT-
----------R---.------K--.----E NG-N-V N-N-E1 -
--------------. -----S---. ---- -D- .. ST W-D- TGNST-
----T---------.------P--.-N-- F-S-E.NNGA W-1-EGN NTVNT-
- - -TT- - - -- - - -- . - ----SG--. - -E-GK -N- S-S-GNNE .......•T-
----R---------. ---D-----. ---- -G-E G-N-EG NST-
--------------.----S----.---- -D- G-V-ER SNNNEN-
----T---------.----S----.---- NTG-D-R ES-D-NNT GN-
- - -- - - -- -- - - - -. --- -S- -- -. ---- HA-G- WKN-EGAD NN-
--------------.---------.----NATEEPQyAGE-D- -
--------------.---D-----.---- -D-KGPS NTTGN-
L---T---------. ---------. --S-WL -D-W -SDI ENT
R-----------G-.L---S----.----PVNE TS-V-E GS.EP-
--------------.----SS---.--N- AV-D-W -N-AG1E KN-
--------------. ---S-----. ---- KA-S-W -A-KESN DT-
.----T---------.---DS-P--.----NST KGS-S-E GS-S- EP-
----T---------.---------.----NSTQLF NSTW-S-E GS-N-DI -
--------------. ---DS-K--. ---- : .. PW-S-E::::::: .G-N-VG:::::: :N:GT-
--------------. ---------. ----DNS TW-S-E EL-S-VG N-
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...
109
374
414
421
404
393
407
399
405
406
426
408
402
428
405
407
419
403
409
375
406
157
162
155
410
400
413
372
360
397
377
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410
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378
380
353
396
381
392
388
383
412
308
412
408
414
427
402
388
380
398
391
383
383
367
410
132
416
412
415
415
410
289
282
290
294
287
288
316
292
288
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CONSENSUS-B
SF2
SF2B13
LA1
HXB2R
NY5CG
NL43
JRCSF
JRFL
ALA1
JH32
BALl
YU2
BRVA
91US005.11
9lUS006.10
BZ167A
MA208
ETR
BA1A
MN
OZ4589
CAM1
ADA
JFL
S1M184
BCSG3C
D31
SFl62
on
SFD
CDC42
HAN
t??Lp.Cri.kqiir~.wQevgk.amyapPi?g~rcssnltGl~LtrDgG??????n??????????
1 .. --.---.------.------.-------G.---~---------------T -VT N
1 .. --.---.------.------.-------G.---s---------------1 -GT N
- .. --.---.--F---.------.-------s.-------------------NNN -Gs .
- .. --.---.------.--K---.-------s.-------------------NSN -ES .
1 .. --.---.--·--R.------.-------s.-------------------DKE -ST .
- .. --.---.--F---.------.-------s.-------------------NNN -Gs .
1 .. --.---.------.------.-------K.-------------------K -ESE .
- .. --.---.------.------.-------R.-------------------lNE -GT .
- .. --.---.---V--.------.-------E.------------------- -ss N
- .. --.---.------.------.-------E.-------------------DNQ -ET .
- .. --.---.------.-----R.-------R.-------------------PED -KT .
- .. --.---.------.------.-------R.-------------------KDT -GT .
- .. --. ---. ------. ------. -------R. ---K---------------NN -ETT " .
- .. --.---.------.------.-------R.---S-L-------------NR -DT N
- .. --.---.--F---.------.-------s.-------------------1 -Qs R
K.. --.---.--FV--.------.-------D.---S---------------NNT -ET .
- .. -Q.---.--F--L.--K---.-------O.-N-S---------------1N -ASK .
- .. --.---.---v--.------.-------R.-------------------NTQN.. -NTN s
- .. --.---.------.--K--R.-------R.-------------------PEA -KT .
- .. -Q.-K-.------.------.-------E.-------------------KDTDT.-DT .
- .. --.---.---v--.------.-------R.-Y-N---------------1GT -GT .
- .. --.---.-----R.------.-------T:-T-S---------------RGE -ET .
- .. --.---.------.------.-------R.------------1------T -SSG .
1 .. --.---.-----R.------.-------N.-------------------KE -GA .
- .. -L.---.-----R.------.-------E.-H-----------------K -ESE .
- .. --.---.------.------.-------s.-----T-------------TSDT.. -TT .
- .. --.---.------.------.-------s.-------------------KNKD.. -ET .
- .. --.---.-----R.------.-------R.-------------------KE1S .. -TT .
- .. --. ---. ---V--. ------. -------s.-------K-----------K -TT N
- .. --.---.------.------.-------E.-------------------GDK -ST .
- .. --.---.-----R.--V---.----L--K.-L-----------------GE -OT .
1 .. --.---.------.------.-------G.-L----------1------ND -ss .
Appendix A - Consensus Residues 375-419
110
419
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459
470
465
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463
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477
463
452
459
469
466
472
485
469
463
467
467
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468
458
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461
459
474
461
CONSENSUS-B
ENVVA
RF
WMJ22
TB132
92BR020.4
92TH014.12
92US711014
91US712.4
92US714.1
92US715.6
92US716.6
92HT593.1
92HT594.10
92HT596.4
92HT599.24
91HT651011
RJS
GUN
SC
SBA
SBB
SBC
92BR014.1
92TH026.6
92BR021. 6
ACH9
ACP1
JM
WM
CANOA
P896
BWB11A
CI223
49L1R
VEl
VE2
VE3
VE4
VE5
VE6
VE7
VE8
68A
RJSP3
US1
US2
US3
US4
8020
17305
24612
26807
27290
27481
4995
CM237X
91HT652.11
92UG005
3202A12
3202A21
MANe
WEAU160
SAL1
CB1
CB2
CB3
CB4
CB5
CB6
CB7
CB8
CB9
* CD4 I * I CD4
t??Lp.Cri.kqiinm.wQevgk.amyappi?gqircssnItGllLtrDgG??????n??????????
- .. --.---.------.------.-------K.-------------------N..... -ENGTD ENR
- .. --.---.---V--.------.-------S.---K-I-------------EDTT.. -TT .
- --.---.------.--G---.-------Q.------------------- .•.... -SS S
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--------------------T------------------1------T-------------------H--T 72b
----------N--EN--S--O-S------------------------------S------------R--- 717
--------------------O-SK----------------------T-------------------RF-- 714
--------------G--S--S--------R---1--------------------------------R--T 722
--------------------S--------R---------1----1---------------------L1-- 719
---Q----O--------T-SO--K---------------1--------------------------L--N 734
-----------------S-yO-S----------------1--------------------------L--- 722
\/ 3'sj
ekneqeLLeLdkWasLwnWf?1tnwlwy1kiF1mivgGLvGLrivfavlsivnrvRQGysplSfQT?lPa 671
-----------------O--O--K----------~-----------V----------------L--H--P 730
--------------N·-----O--Q-----R------------K-----------------------H--- 732
G-·- - - - - --- - -- - .. - - -- - 0- -- - - -- -- --------- I - - -- - -T- -- - - - -- - - - - - - - - -- - H--T 714
----LO--------------O---x-------------------1-T-------------------H--x 704
-------------O------T-SK------------A----------------K-------V----R--- 718
----L---------------O--K---------------------------------------L--RF-- 710
--------------------T------------------1--------------------------R--- 714
--------------------O--Q----------------------S-------------------R--- 717
-----------------S--O------------------1------T----------------L--H--- 739
--------------------0------------------1------1-------------------H--- 719
--------------------N---------------A------V--1-------------------HH-- 710
--------------G---·--E----------------------------------------V----H--- 740
-----O--------------N--K---------------1--------------------------L--- 714
-----O--------------N--K------------------------------------------L--- 721
-----------Q--------S--K------L--------1-------1------A-----------L--- 731
--------------------N--E----------------------T-------------------R--- 715
--------A--T--------S-S------R------------------------------------R--T 720
-----O-------·-G-----S------------------1--------------------------H--T 685
--------------------N-------------------------T-------------------R--S 721
-----O-----------S--S--------R---------1---------x 445
-----O--K--E--------S-SK-------------------------x 455
--------------------S------------1-----1---------x 443
----K---------------O--------RL--------1--------------------------L--- 720
--------------N--S--S--------RL--------1---------A--K-------------H--- 724
-----o-------O------S--K------------------------------------------RF-- 225
--------A-----N-----O-----------------------1---------------------HR-- 224
--------A-NT-TG--O··LG-SK-1G--------1---1--K---T---L---------------R--T 224
-----------------T--O-S------R------------------------------------RF-- 224
--------------------N------------------1---------T----------------RF-- 224
--------------------O--Q---------------1------T-------------------R--- 225
o-------------------N--------------1------------V-----------------R--- 725
-------------T---S--S--H------------E--1------------K-------------L--V 719
--------------N--T--O--Q---------------A------T------------P------R--- 726
--------------------O--------R---------1---------------------1-L--R--- 739
--1-L--------P------O--K---------------------L-----------------L--RF-- 679
-------------··------N--E----------------------T-------------------R--- 720
--------Q-----------S--KC----R---------1----1-----V---------------L--- 447
--------------------S--------R---1--------------------------------R--- 727
--------------------O--K--------------------1---------------------R--- 723
-------------G-··-S--S-----------------------------L--------P------H--- 728
-----------------T--O-S----------------1------T-------------------H--- 726
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*prg.pdrpegieeeGG.erdRdrSgrlv?GflaliwddLrslclFSyhrlrdLlli?v?ar?iVE1Lg??
---.----D-------.-------v---D----~--E----------R--------.A.--.T--1--..
---.----D-------.-------V---D-------E----------R--------.A.V-.T--1-- ..
---·------------.-------I---N-S-------------------------.-.T-.------ ..
---·------------.-------I---N-S-------------------------.-.T-.------ ..
Q--·------------.--------P--N-------V-------------------.-.--.------ ..
---·------------.-------I---N-S-------------------------.-.T-.------ ..
T--.------------.--------Q--N-------V-----F------------T.-.T-.------ ..
---·------------.-----------N-------V------------------T.-.T-.------ ..
R-E.------------.---------~-D-L-----V-------------------.-.T-.------..
---.------------.D-------Q--D-L--I--V-------------------.-.T-.------ ..
S--.----G-------.--------P--N-------V-----F-------------.-.M-.------*S
Q--.----D-------.--------P--D----1--V-------------------.-.T-.------ ..
R--.------------.-------SP--D-----F-V-----F-------------.-.T-.------ ..
---.-G----------.-----------T---E-----------------------.-.--.------ ..
---.------------.-QG-----P--D-------V-------------------.-.T-.------ ..
$--.------------.--------P--D-L-----V-------------------.-.T-.T----- ..
S--.----G-------.--------P--N-------V---G---------------.-.T-.------ ..
---.------------.-----T-----H----I--V-----F-----H.------.A.-*#------ ..
---.----G-------.-------V---S--S-1V---------------------.A.--.---1-- ..
---.------------.G----T-----T---------------------------.-.--.------ ..
---.------------.D------V---D-----F---------------------.-.--.------ ..
---.----G-------.--------y--T-------E--W----------------.-.T-.------ ..
---.------------.--------Q--T---P1--G-----F-------------.-.--.------ ..
---.------------.-----------N-----F------------------1-V.-.T-.------ ..
---.------------.D------N---K----------S-----L--------~-.A.--.------..
---.------------.-------SP--H-L----------------------I--.A.--.------ ..
Q--.------------.-----------D------------------------1--.-.--.------ ..
Q--.---------G--.-------T---N-----F---------------T-----.-.--.------ ..
---.------T--G--.--G--G-T---H-----V---------------------.-.--.------ ..
T--.-RQ--E------.----G--V---S-----F------------R--------.-.-K.---T-- ..
<- tat cds *
prg.pdrPegieeeGG.erdRdrSgrlv?GflaliwddLrslclFsyhrlrdLlli?v?ar?iVE1Lgrr
R--.----D-------.-----------N---------------------------.-.T-.------ ..
---.--------G---.--------GA-N---T------WT--S------------.-.V-.------ ..
--~.------------.-------V---H---------------------------.-.K-.------..
---.----G-------.-----T-----D----1F-V---N--------------V.-.T-.-----x ..
Q--.-----E------.D-E-E------T-L-EI--------F----R--------.-.--.------ ..
Q--.-GG---------.-Q-----E---S-L-T---E-------------------.-.--.------ ..
---.------------.--Q-#------N---T-F-N-------------------.-.--.---1-- ..
A--.------------.--------Q--D----I--V----------y--------.-.T-.------ ..
---.-------G----.-----T-V---N-----F--G------------------.-.--.---1-- ..
R--.------------.--------Q--T----I--V-------------------.-.--.------ ..
L--.------------.--------Q--D---TI--V-------------------.-.T-.------ ..
---.------------.----G--V---N---------------------------.I.--.------ ..
Q--.----G-------.----G--E-I-N---------------------------.-.--.------ ..
Q--.----G-------.----G--E-1-N---------------------------.A.--.------ ..
---.L------G~---.----GT-----N---------------------------.-.--.-----1..
---.------------.-------SP-AH---------------------------.1.--.------ ..
---.------------.--------P--T---------------------------.-.--.------ ..
---.------TG----.-----------H-------------F-------------.-.--.------ ..
Q--.------------.-----------D----1--V-
S--.------T-----.--------P--N-----F-V---N----L--L--N----.-.T-.------ ..
Q--.------T-----.-------T---D-------------F-------------.-.T-.------ ..
QG-.----G-------.-T-----R---D-------------F-------------.A.T-.------ ..
---.------------.-----G--T--D----1--V----------R--------.-.--.------ ..
---.------------.--------Q--N---------------------------.-.--.------ ..
---.------T-----.----N--RQ--D-------1-------------------.-.--.------ ..
---.------------.-G-----SP--D-----L-V-------------------.-.T-.------ ..
R--.------------.-----------N---------------------------.-.T-.------ ..
.---.------------.-Q---------D-L----RV-------------------.L.T-.------ ..
---.------T-----.-------I---D---------------------------.-.T-.T----- ..
---.----A-------.-Q-----SP--H---------------------------.-.--.------ ..
Q--.------------.-------N---H-L-V-----------------------,-*--*------ ..
Q--.------------.-------E--MN---T---E-------------------.-.--.------ ..
---.----G-------.-------Sp-AH-----F-------- -.A.--.------ ..
---.------------.-QG-G--1---N--S--------N------------I--.A.--.------ ..
Q--.----D-T-----.-------V---D-----------PV--------------.-;T-.------ ..
---.------------.-----------N---------------------------.-.T-.------ ..
---.----G-------.-G-----S---H-----V-------------------S-.A.--.------ ..
---.------------.-----------D---T---V--------L----1-----.A.K-.------ ..
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· rrG WealkYw. wnLLqyWsqelknsavsllnatAiaVaEgtDRvievvqra?railhi
..... H-- -------.-S-----I---------W--------T---------A---Y------
..... H-- --V---G.-S-----1---R----------------------------Y------
..... --- ···.-------.--------------------------------------G-C---R--
..... --- -------.--------------------------------------G-C---R--
.····--- ------C.-------G-------1-------V------------A--1C-G----
·····---·· -------.----------------N-------------------L-A-Y---R--
.. ·.·--- --1----.--------------------------------1------VY------
· --- ·--V----. --------------------------------1--AL--TY------
..... --- --V----.------------------------------------L---F------
·····---·· -------.------------------F--1-----------LK1L---F------
..... -#- ..•••.. --V----.-----------------------V------------L---V------
..... --- -GV----.-------1---------------------------1L---F--V---
..... --- --V----.--------------------------G-R---A-------F------
..... L-- --V----.-------------------D-V-------------G1--1 .
..... H-- -GV----.------------T--------1----------1---L---C------
..... -K- --V---L.-----------------------------------IL--TY------
..... --- --F----.--------------------TI--------------L---V------
..... --- --V----.------------S-----------------------L---G------
..... --- -------.GS----------Y--------I----------1-KA---IC------
..... --- -------.-----------R------FDTI------------------C------
..... --- --V----.-----------R---------------------------IY------
..... --- -------.--------------------------------1------IG------
..... --- --1----.-------------------~T---V--------------1G--V---
..•.. --- -------.-S--------------N---V------------------TY------
..... --- --V----.----------------------------------------W------
..... --- -------.G------I----------FD-I----------1---A--IG--F---
..... --- --V----.--------------V1-------------------I----Y--F-N-
..... --- --V----.----L----------------------------------VG------
..... --- --V----.------------------V-V------------------IY--F---
..... --- --V---~.------------------F-T1------------------C------
<- rev cds
? .. ??G WealkYw.wnLLqyWsqelknsavsllnatAiaVaEgtDRvievvqra?railhi
..... RR- •...... --V----.----H----------------------------------IC---R--
...•.. RR- ....•.. -------.--------------------T-----------I---A--IL--F---
..... RR- -------.--------K-------G----I-----------------IC---I--
..... RR- .....•. -------.------------------------------------L--VY----N-
..... RR- -------.------------S----------V--------I--IA--FF-GF---
..•.. RR- ----R--.-------1--------------------------------Y------
..... RR- ....•.. --L----.------------H---------------------------Y---1--
..... RR- -------.------------S-----------------------L--1G------
..... RR- --1-R--.----K---------------------------1-------G--V---
..... RR- --1----.------------SG----------------------L---G------
..... RR- --V----.------------S-----------V-----------L---W------
..... RR- -------.----------------N--D------------I----R--F------
..... RR- -------.-S--------I--N-----S---------------II--IG-----V
..... RR- -------.-S--------I------------------------I1--IG-----V
..... RR- ------G.--------------------------------I--G-RGVC------
.....RR- -------.--------------------------------1--I----V--L-N-
..... RR- -------.-------I
· RR- --V---L. ----II
..... RR- -------.-----------------------------~~---K1----C---RN-
..... RR- --1----.-----------------------V---------V--L---G--V---
..... RR- -------.--------K------I--------------------A--TC------
..... RR- --1----.-------K---------------------------II---Y------
..... RR- -------.-----------R-----------------------I----C------
..... RR- -------.------------------------------------L--VY---I--
..... RR- --I----.---------------1------------------------F------
..... RR- --V---L.-----------------------------------LL---F------
.....RR- -------.------------T---N-----------------------Y--L---
..... RR- ··-------·----------------N---T---------------L--IY--FCN-
..... RR- -------.---------------------------------------IG------
..... RR- --P----.------------S-----F-------------I--I---IF--V1--
..... RR- ----R--.-------I------------T-------------------Y------
..... RR- -------.-----F--------------T-----------I--I---IV------
..... RR- ---I--L.-------1----------F-T-----------I--1---IG----N-
..... RR- --V----.-------G--I----------------------------IC------
..... RR- --V----.----------------------------------------C--V---
..... RR- --1----.---------V----------V-----------1------VG------
..... RR- .•..... ------C.-----------------------------------I---TC------
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